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Figure 1
SEQ Type Gene
ID NO
1 DNA | NDV-F VIId codon optimized DNA scquence
2 Protein | NDV-F protein sequence from codon-optimized VI1ld strain
3 DNA | NDV-F VIId wildtype sequence
4 Protcin | NDV-F protcin scquence from wildtype VIId strain
5 DNA | NDV-F Ca02 codon optimized DNA sequence
6 Protein | NDV-F protein sequence from codon-optimized Ca(2 strain
7 DNA | IBDV DNA cncoding VP2 protein
8 Protein | IBDV VP2 protein
9 DNA | SV40 promoter
10 DNA | CMV-IE promoter
11 DNA | SV40 polyA signal
12 DNA | Synthetic polyA signal
13 oligo | MBOSO primer
14 oligo | MBO081 primer
15 oligo | optF primer
16 oligo | VlloptF RP primer
17 oligo | SV4QpromoterF primer
18 DNA | Partial plasmid pHM103+Fopt DNA sequence (for vHVT114)
19 DNA | Partial plasmid pSB1 44 cds SV FCAopt (for vSB1-009)
20 DNA | Partial plasmid pHVT US2 SV- Fopt-synPA (for vHVT306)
21 DNA | Partial plasmid pCD046+NDV-F wt (for vHVT110)
22 DNA | Partial plasmid pHM103+NDV-F wt (for vHVT111)
23 DNA | Partial plasmid pHM103 + NDV-F CA02 (for vHVT116)
24 DNA | Partial plasmid HVTIG2 SV Fwt Sbfl sequence (for vHVT301)
25 DNA | Partial plasmid pHVTUS10 cds F opt plasmid (for vHVT302)
26 DNA | Partial plasmid pHVTUS10 c¢ds F CA02 opt sequence (for
vHVT303)
27 DNA | Partial plasmid HVT 1G2 SVFopt syn tail sequence (for vHVT304)
28 DNA | Partial plasmid pHVT US2 SV-FCAO02 opt-synPA (for vHVT307)
29 DNA | Partial plasmid pCD046+NDV-F VII YZCQ sequence (vHVT112)
30 DNA | Partial plasmid pCD046+NDV Texas F sequence (for vHVTL13)
31 DNA | Partial plasmid pHM119 sequence (for vHVT039)
32 DNA | NDV-F Wtnm-Texas wildtype DNA sequence
33 protein | NDV-F protein from Winm-Texas wildtype
34 DNA | NDV-F YZCQ wildtype DNA sequence
35 protein | NDV-F protein from wildtype YZCQ strain
36 DNA | NDV-F Texas wildtype DNA sequence
37 protein | NDV-F protein from wildtype Texas strain
38 DNA | MDYV gB promoter
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Figure 1 (continued)

SEQ ID NO Type Gene

39 DNA Partial plasmid HVT SORF3-US2 gpVar-Ewtsyn sequence
(for vHVT202)

40 DNA | Partial plasmid SB1US2 gpVIldwtsyn sequence (for vSB1-
010)

41 DNA | IBDV DNA cncoding VP2 protcin of IBDV E strain

42 protein | IBDV VP2 protein of IBDV E strain

43 DNA | Guinea pig CMV promoter

44 oligo primer HM101

45 oligo Primer HM102

46 oligo primer F-ATG

47 oligo Primer F-STOP
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Figure 2

Genomic Structure of HVT, ORFs of the BamHI fragment,
and Insertion/Replacement Locations
(GenBank accession number for HVT FC126 sequence: AF291866.1)
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Figure 3

Plasmid map of pHM103 containing codon-optimized NDV-F gene
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Figurc 4

vHVT1 14 identity PCR

MBO081+ViloptF.RP SV40promoterF+MB080 OptFprimer+MB080 MB080+MBO081

Lane 1: no template
Lane 2: FC126 cI2
Lane 3: vHVT114
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Figure 5
Dual Immunofluorescent Assay

FIG.5A1 FIG.5A2

FIG.5B1 o FIG.5B2

Panel A is from the pre-MSYV passage
Panel B is from the pre-MSV+12 passage
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Figure 6

Southern blot using the NDV-F probe

-16

BamHl Pstl Sphl Ncol

1 = pHM103+Fopt donor
2 =vHVT114
3=FC126 cl2
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Figure 7

Immunoprecipitation and Western Blot of vHVT114

191-

Lane M: Pre-Stained Standard (SeeBlue, Invitrogen);
Lane 1: CEF;
Lane 2: vHVT114.
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Figure 8

Western blot analysis of immunoprecipitated sample from vHVT306 infected cells
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Lane M: pre-stained protein standard (Invitrogen, SeeBlue)
Lane I: uninfected CEF
Lane 2: vHVT306
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Figure 9

Western blot analysis of immunoprecipitated sample
from vSB1-009 infected cells
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Lane M: pre-stained protein standard (Invitrogen, SeeBlue)
Lane 1: uninfected CEF
Lane 2: vSB1-009 pre-MSV stock
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Figure 10

Challenge study of vHVT304 and vHVT114 against NDV ZJ1 and CA02

Pre-challenge NDV HI titers {(Log2)

CAO2 Ag Z31 Ag
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Shedding (% positive birds) after CA/02 challenge
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FIG.11B

100%
90%
80% -
70% -+
60%
50% -
&0% -
20%
10% -

0% -+

%

Shedding (% positive birds) after Z11 challenge

# Oral 2dpch
# Cloacal 2dpch
i Oral_4dpch
B Cloacal_4dpch




U.S. Patent

FIG. 12A

Aug. 25, 2015 Sheet 13 of 77

US 9,114,108 B2

100

a0

80

70

o
o

% positive birds
5w
o &

30

20

10

Oropharyngeal shedding
% positive birds

Day pi

DG/ vHVTLLL+vHVTL3
BG2/ WHYTI0T

0G4/ wSB1-007+wHYTLZ
BG5/ vEB1-009+wHVT13

FIG. 12B

6,70

6,20

B o
. N
w L]

{eq. log10 EIDS0)
oy
IS
S

mean qRTPCR value

3,70

3,20

2,70

Oropharyngeal shedding
Mean values

Day pi

@G22/ WHYTL14+vHYTLIZ

BC3 J vHVT307

D64/ vER1-007+vHVT13
BG5S/ vSB1-009+vHVT12




U.S. Patent Aug. 25, 2015 Sheet 14 of 77 US 9,114,108 B2

Figure 13

Protein sequence alignment of NDV-F

50
SEQ ID NO:2 (1) TESLDGRPLABBCTVVTCDRAY
SEQ ID NO:33 (1) LTSSLDGRPLARAGIVVTGDKAV
SEQ ID NO:35 (1) LPSSLDGRPLAB ARG IVVTGDRAYV
SEQ ID NO:37 (1) SELUGRPLARAGIVVIGDRAYV
SEQ ID NO:4 (1) SELUCRPLAAACTIVVTICDEAY
SEQ ID NO:6 (1)

SEQ ID NO:2  (51)
SEQ ID NO:33 (51)
SEQ ID NO:35 (51)
SEQ ID NO:37 (51)
SEQ ID NO:4  (51)
SEQ ID NO:6  (51)

SEQ ID NO:2  (101)
SEQ ID NO:33 (101)
SEQ ID NO:35 (101)
SEQ ID NO:37 (101)
SEQ ID NO:4  (101)
SEQ ID NO:6  (101)

SEQ ID NO:2 (151)
SEQ ID NO:33 (151)
SEQ ID NO:35 (151)
SEQ ID NO:37 (151)
SEQ ID NO:4 (151) ILRLKESXAATN&AV&EVTQ LEQLS
SEQ ID NO:6 (151) ILRLKESIA&TNEAVHEV?NGLSQ

201 250
SEQ ID NO:2 (201) KIgQQVGVELN&YL?ELTTVFGPQITS?ALTQLTIQALYNLAGGNMBZLL
SEQ ID NO:33 (201) KIAQOVOVELNIYLIELTIVEGPOITSPALIOLT IOALNNLACGHNMDYLL
SEQ ID NO:35 (201) EIAQOVGVELNIYIIRLTTVFCPOITSPALTOLTIORLYNLACCGHNMDYLL
SEQ ID NO:37 (201) KIZOOVGVELNLYLIELITVECROITSPALTOLT IOALYNLAGGHNMD Y LT
SEQ ID NO:4 (201) RIZOQVGVELNLYLTELTTVEGPOITSPALTOLTIOALYNLAGENMDYLL
SEQ ID NO:6 (201) KIiAQOVEVELNIYLTELTIVEGPOITSPALTOLIT IOALYNLACGGNMDY L

SEQ ID NO:2 (251)
SEQ ID NO:33 (251)
SEQ ID NO:35 (251)
SEQ ID NO:37 (251)
SEQ ID NO:4 (251)
SEQ ID NO:6 (251) CHNHOLESLIGSGLITENRILYDEOT
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Figure 13 (continued)

301
SEQ ID NO:2  (301) TYLETLSVSTTKG

o

ALVPRVVIQVGEVIERLDISYC T
SEQ ID NO:33 (301) ZYLETLSVSTH SALVPKVVIOVGESVIERLDTISVCIG
SEQ ID NO:35 (301) T¥LETLSVETD ALVPRVVTOVOGSVIEELDTSYCIG!
SEQ ID NO:37 (301) TYLETLSVSTAKGY SAILNVPRVVIOVGBVIERLDTSYCT
SEQ ID NO:4 (301) TYLETLSVS ASALVPRVVIOVOSVIERELDTERCT
SEQ ID NO:6 (301) TylLETLSVST SALVEEVVTIOVESVIRELDTSYCT

351
SEQ ID NO:2 (351) VI PMEPCIYSULEGNTSACUYSRTECALTTPYMALREGEVIANDRT
SEQ ID NO:33 (351) VIrEMoPCIYSCLEGHTEACMY SRTECALTTEYMALRGEVIAND
SEQ ID NO:35 (351) VIPEMEPCIYSCLSCNTSACMYSKTECALTTRPYMAIRGEVIANG
SEQ ID NO:37 (351) VIFPMSPCIYSOLSGNIEACMYSHTEGAL TTPYMAIRESVIANG
SEQ ID NO:4 (351) VIEEMSPGIYSCLSGNTSACHYSRTECALTTPYMALKGSVIANCKT
SEQ ID NO:6 (351) VIFDPMEPCIYECLEGNTEACHYSRTECAL T TDYMATRGEVIAND

401 450
SEQ ID NO:2  (401) CEDPPGIISONYGEAVSLIDRHSCNVLSLDGITLRLSGEFDATYQKNISI
SEQ ID NO:33 (401) CADPPGxIsgxyemavstngns SLDGITLRLSGEFDATYOKNIST
SEQ ID NO:35 (401) canpvezxsgnyemavs&ingnscﬁvxsnnszwnaLssEFBA@YQKN:sz
SEQ ID NO:37 (401)

SEQ ID NO:4  (401) PPGIISQNYGEAVﬁLIQﬁ SCNVLSLDGITLRLSGEFDATYQKNIST
SEQ ID NO:6  (401) CADPPGIISONYGEAVSLIDKHSCSVLSLDGITLRLSGEFDATYOKNIST

.

451 500
SEQ ID NO:2 (451) LDEOVIVICHIDISTEICHVINE 18R TETsh
SEQ ID NO:33 (451) LDSQVIVIGNLDISTELGNVNNSIS 1757
SEQ ID NO:35 (451) LDSOVIVICNLDISTELGNVIINGIS TETER

SEQ ID NO:37 (451)
SEQ ID NO:4  (451)
SEQ ID NO:6  (451)

LOSOVIVIGHNLDISTELGNVINEI S

SEQ ID NO:2 (501)
SEQ ID NO:33 (501)
SEQ ID NO:35 (501) ! »
SEQ ID NO:37 (501) 1 CYIMYROKAQOKTLLWLGNNTLDOMRAT
SEQ ID NO:4  (501) RCYLMYKOKAOOKTLLWLGNNTLOOMRAT
SEQ ID NO:6  (501) YIMYKORAQOKTLLWLGNNTLDOMRAT

SEQ ID NO:2  (551)
SEQ ID NO:33 (551)
SEQ ID NO:35 (551)
SEQ ID NO:37 (551)
SEQ ID NO:4 (551)
SEQ ID NO:6 (551)
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Figure 13 (continued)

SEQID SEQID SEQID SEQID SEQID SEQID

NO:2 NO:33 NO:35 NO:37 NO:4 NO:6
SEQ ID NO:2 92% 93% 98% 100% 92%
SEQ ID NO:33 99% 92% 92% 91%
SEQ ID NO:35 92% 93% 92%
SEQ ID NO:37 98% 91%
SEQ ID NO:4 92%
SEQ ID NO:6
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DNA sequence alignment of NDV-F genes
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Figure 13 (continued)

SEQ ID NO:1 (901)
SEQ ID NO:3 (901)
SEQ ID NO:32 (901)
SEQ ID NO:34 (901)
SEQ ID NO:36 (901)
SEQ ID NO:5 (S01)

951 - 1000
SEQ ID NO:1  (951) CLTGGIC G G & TGATCGAGQA&CTGG
SEQ ID NO:3 (951) &
SEQ ID NO:32 (951)
SEQ ID NO:34 (951)
SEQ ID NO:36 (951)
SEQ ID NO:5  (951)

SEQ ID NO:1 (1001)
SEQ ID NO:3 (1001)
SEQ ID NO:32 (1001)
SEQ ID NO:34 (1001)
SEQ ID NO:36 (1001)
SEQ ID NO:5 (1001)

SEQ ID NO:1 (1051)
SEQ ID NO:3 (1051)
SEQ ID NO:32 (1051)
SEQ ID NO:34 (1051)
SEQ ID NO:36 (1051)
SEQ ID NO:5 (1051)

SEQ ID NO:1 (1101)
SEQ ID NO:3 (1101)
SEQ ID NO:32 (1101)
SEQ ID NO:34 (1101)
SEQ ID NO:36 (1101)
SEQ ID NO:5 (1101)

1151
SEQ ID NO:1 (1151) ?GGC”chAAGGGAAGcG?GA&CGCCAAC?
SEQ ID NO:3 (1151) TGGCCCTT
SEQ ID NO:32 (1151) TGGCTOT g
SEQ ID NO:34 (1151) TGGCTCTCABAC
SEQ ID NO:36 (1151) TGGCCCTTARAG
SEQ ID NO:5 (1151) TGGC%CTGAAGGGAAGCGTGATCGCCAACT,M

SACCACCIGCAGA
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SEQ ID NO:1 (1501)
SEQ ID NO:3 (1501)
SEQ ID NO:32 (1501)
SEQ ID NO:34 (1501)
SEQ ID NO:36 (1501)
SEQ ID NO:5 (1501)
SEQ ID NO:1 (1551)
SEQ ID NO:3 (1551) f
SEQ ID NO:32 (1551)
SEQ ID NO:34 (1551)
SEQ ID NO:36 (1551)
SEQ ID NO:5 (1551)
SEQ ID NO:1 (1601)
SEQ ID NO:3 (1601)
SEQ ID NO:32 (1601)
SEQ ID NO:34 (1601)
SEQ ID NO:36 (1601)
SEQ ID NO:5 (1601)
SEQ ID NO:1 (1651)
SEQ ID NO:3 (1651)
SEQ ID NO:32 (1651)
SEQ ID NO:34 (1651)
SEQ ID NO:36 (1651)
SEQ ID NO:5 (1651)
SEQID NO:1[SEQ ID NO:3[SEQ ID NO:32|SEQ ID NO:34(SEQ ID NO:36|SEQ ID NO:5
SEQ ID NO:1 72% 71% 71% 1% 92%
SEQ ID NO:3 88% 89% 98% 69%
SEQ ID NO:32 99% 88% 70%
SEQ ID NO:34 88% 71%
SEQ ID NO:36 69%
SEQ ID NO:5
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Figure 13 (continued)

Protein sequence alignment of IBDV VP2

1 50
SEQ ID NO:8 (1) MINLODOTOQIVRPRIBRSLIMPITCGPASIPDDTLERHTIREETSTYNLTIVE
SEQ ID NO:42 (1) MINLODOTQOIVPRIRSLIMETPCPASIPDDTLERHTLRSETS DYNLIVE

51 100
SEQ ID NO:8 (51) DIGSGLIVETPCFPGE IVGARYTLOSNGNYRFDOMLLTAONLPASYNYCH
SEQ ID NO:42 (51) DIGSGLIVEFPGEPGS IVEARYTLOSNGNYRFDOMLLTAONLPASYNYCR

101 150
SEQ ID NO:8 (101) LVSHRSLIVRSSTLPGGVIALNGT INAVITOGELEELTDVSYNGLMERTAN
SEQ ID NO:42 (101) LVSRSLIVRESSTLPGOVYALNGIINAVIFOGELSELTOVSINGIMSATAN

151 200
SEQ ID NO:8 (151) IHDEIGHVIVGEGVIVLSLPISYDLGYVRILGDPIPAIGLDPRMVATCDSS
SEQ ID NO:42 (151) INDEIGNVINGEGVIVLSLPISYDLGYVRILGDPIPAIGLDPEMVATCDSES

201 250
SEQ ID NO:8 (201) DRPRVYTITAAUDYOFSSOYOPGOVITTLESANIDAT TS
SEQ ID NO:42 (201) DRERVITITARADNYOPSSOVOTGGVIITIFSANIDAITSL

251 300
SEQ ID NO:8 (251) S8VOGLVLGATIYLIGFDGIAVITRAVEADNGLTAGTDNLMEFNLVIPINE
SEQ ID NO:42 (251) SVOSILVIGATIYLIGFDGTAVIIRAVARNNGLIAGIDNLMEFNLVIFINE

301 350
SEQ ID NO:8 (301) I1TQPLICIKLEIVISKSGEDACDOMEWSESGSLAVTIIHCGNYPGRALREVT
SEQ ID NO:42 (301) I7QPITBIKLEIVISKSDGOACEOMEWSRASGSLAVI ITHCGNYPGALREVT

351 400
SEQ ID NO:8 (351) LVAYERVATGSVVIVACGVSHIELIPNPELAKNIVIEYGRIDPGAMNYTKL
SEQ ID NO:42 (351) LVAYERVATCOVVIVACGVENFELIPNPEIARNLVIEYCGREDPGAMINTEL

401 450
SEQ ID NO:8 (401) ILSERDELOGIKIVWPIREYIDEREVEMEVADLNSPLEIAGAFGERDT IRA
SEQ ID NO:42 (401) 1 LESERDRILGIRIVWPIREYIDEREVEMEVADINSPLEIAGAFGFRDIIRA

451

SEQ ID NO:8 (451) 1RR-
SEQ ID NO:42 (451) IRRZ-

SEQ ID NO:8 is 98% identical to SEQ ID NO:42
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Figure 13 (continued)

DNA sequence alignment of IBDV VP2 gene

1 50
SEQ ID NO:7 (1) AIGACRRRCCTICCARACATCRALCCCARCRGRATIGITCOCGTTICATACCGGAG
SEQ ID NO:41 (1) ATCGACARRCCICCAACATCABACCORBCACRITGTITCCCTTCATACCEAL
51 100
SEQ ID NO:7 (51) CCIICIGATCCCARCRACLCCACCOECETCCATTCCGRACGACACCOTGE

SEQ ID NO:41 (51) COTTCTGRTICCCAACARCCOOACCEECETCCATICCOERACCRCACCOTOE

101 150
SEQ ID NO:7 (101) AGAAGCACACTICTICACGICACAGACCTICCACCTACARATITICACTICTIGGGG
SEQ ID NO:41 (101) AGARGCACACTCICAGGTCACAGACCTCGRACCTACARITIGACTGTICOGE

151 200
SEQ ID NO:7 (151) GACACAGGGICAGGCCIARATTIGICTTT INCCCTGEATTCOCCTOLCTCANT
SEQ ID NO:41 (151) GACACAGGGTCAGGLCTAATTGICTITIICCCIGERTTICCOTOOCTCART

201 250
SEQ ID NO:7 (201) TGIGEGTGCTCRCTACACACTGUACAGURAATCCERACTRCARCTTCEATC
SEQ ID NO:41 (201) ZTGIGCEICCICACTACACACTCGCACRAGUARTCGEAACTACARGTTUCATC

251 300
SEQ ID NO:7 (251) AGATGCTCCTGACTGUCCAGARCCTACCOCGUOAGCTACARCTACTOORACGA
SEQ ID NO:41 (251) AGATGCICCIGRCIGCCCAGAMRCCIALCECUCACCTACARCTRCTGCAGG

301 350
SEQ ID NO:7 (301) CTAGTGALTCGLACTUTCACAGTIGAGETCARCCACACTCCOTICGTLEULT
SEQ ID NO:41 (301) CIAGTGAGTCGEAGICICACACIARGGICARGCACACTICCCTIGETCEOGT

351 400
SEQ ID NO:7 (351) TIATCCACTRAARCGLCACCATARACCCCGICACCTICCARGEARCOCTOA
SEQ ID NO:41 (351) IZTAIGCACTIAAACGCCACCATARLCCCCOTGACCTICCAAGCAAGCUTGR

401 450
SEQ ID NO:7 (401) GUCAACICACACAICTTACCIACEBATCCOTTIGATCICTGCAACACCCALC
SEQ ID NO:41 (401) GIGAACTGACAGRTGUTAGCTACAMCGCGTTIGATCICTICCAACAGLCARD

451 500
SEQ ID NO:7 (451) ATCAACCRCARARTTCLGRATGICCIGUTIAGCEGARGEEETCACTETICCT
SEQ ID NO:41 (451) ATCAACGACARBATICCOARCGTICCTACTAGCGERAGGEETAACCETICCT

501 550
SEQ ID NO:7 (501) CAGCCTACCCACATCRTATGATCTIICCRIATGTIGAGCCTTCGTICGALCCCR
SEQ ID NO:41 (501) CALCTIACCCACATCATATGATCITOOETATETGAGCGUTTOOTGACCCCA

551 600
SEQ ID NO:7 (551) ITCCCECTATAGCOCTTIGACCCARBARTGOTAGCTACRTECOACAGCAGT
SEQ ID NO:41 (551) TACCCGCTRATAGLECTTICACCCARMARTICCTACCARCATETLRCAGCAGT
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Figure 13 (continued)

601 650
SEQ ID NO:7 (601) GACAGGLCCAGACTCTIACACCATARCTGCACCCCATGATTIACCAATTCTC
SEQ ID NO:41 (601) GACRGGCCCAGAGTCTACACCATABCTGUAGCCCGATARTTACCARTITCIC

651 700
SEQ ID NO:7 (651) ATCACAGTACCRACCACCIGOGGTARCARTCACACTOTITCTCAGCCARCA
SEQ ID NO:41 (651) ATCRECACTACCAMACACGTOCCLTARACARTCACACTETTICTCAGCCARCE

701 750
SEQ ID NO:7 (701) TPCATGCTATCACAACCCTCACCATICGLCCACRGCTICOTETITCARACE
SEQ ID NO:41 (701) TIGATGCCRICACRACTCICACCGIICGLEEAGRGCTICOTGTITCALARCE

751 800
SEQ ID NO:7 (751) BAGCGICCARGLUCTTGTACTAGCGOOCLCCACCATCTIACCTITATRGGOTTITGE
SEQ ID NO:41 (751) AGCGICCAAAGCUTTOTACTEGCUGCCACCATCIACCTITATAGGCTITTGA

801 850
SEQ ID NO:7 (801) TGGLRLTGCGETARATCACCAGRGCTCTIAGCCGUAGATAATRGGUTCACEE
SEQ ID NO:41 (801) TCGGGACTGCGETARTCACCACACCICTGECCGCAALCAATCOOCTICACGE

851 900
SEQ ID NO:7 (851) CCGGLACCCACARTCTIRTCUCATPCARTCTITGICATICCAACCARTGAL
SEQ ID NO:41 (851) CCGHUATCGRCARICTITATGCCATTICARTICTTCIGATICCARCCARTGRG

901 950
SEQ ID NO:7 (901) ATBACCCRGCCARTCACATICCATCABACTCCAGRTAGTGACCTICCRARAG
SEQ ID NO:41 (901) BTAACCCAGLCARICACATCCRTCAAACTCGAGATAGTCGACCTCCAAALG

951 1000
SEQ ID NO:7 (951) TGGICGICAGRCACGEEATCAGATOTICATCGTCCGCALGTCEEAGCCTAL
SEQ ID NO:41 (951) TCATGCGTICAGCCAGGGLAACAGAIGTCATCETCCECABGTOOGAGCCTAG

1001 1050
SEQ ID NO:7 (1001) CAGIGACGRICCRIGGTGECAACTATCCAGGGELCCTICCEICCCOICACH
SEQ ID NO:41 (1001) CAGTGACGAICCRAICGIGGUAACTATCCAGGAGCLCTICOCTCCCGICACE

1051 1100
SEQ ID NO:7 (1051) CIacIAGCCTRCLRAACRGTEOCAACACERATCCEICOITRCCOTOCCTED
SEQ ID NO:41 (1051) CIAGIGGCCTACCAAAGACTCGUARCAGCATCTGICETITACCGICELTGE

1101 1150
SEQ ID NO:7 (1101) GGIGAGCTAEACTTICGAGUIGATTCCAARTCCTIGARCTAGCRARRGARCCTGE
SEQ ID NO:41 (1101) GGIGAGCARCTICGAGUIGAICCCABATICCTIGARCTRCCARAGARCCTGE

1151 1200
SEQ ID NO:7 (1151) TTACAGARTACGLUCGATTICACCCACCGRCCCRTIGARCTACACARRATIC
SEQ ID NO:41 (1151) T7ACAGRATATCGCCGATTTCACCCAGGACCCRAICAACTACACGRALTIC

1201 1250
SEQ ID NO:7 (1201) ATACTICGAGTCGAGACCGRACCETCTTGCCATCAACACCCICTCCUCARCAAG
SEQ ID NO:41 (1201) ATaCIGAGIGAGAGGGACCECCTITGEUATCARCACCETCIGRCCARACARG



U.S. Patent

SEQ
SEQ

SEQ
SEQ

SEQ
SEQ

ID
ID

ID
ID

ID
ID

NO:7
NO:41

NO:7
NO:41

NO:7
NO:41

Aug. 25, 2015 Sheet 26 of 77

(1251)
(1251)

(1301)
(1301)

(1351)
(1351)

US 9,114,108 B2

Figure 13 (continued)

1251 1300
GCARCTACACTCATITICCTCACTACTIC R ICEAGCTCGCCEACCTCANCT
GCEAGTACBCIGACT TTCOTGACTACTICATIGLAGCTGOCLGALCTORAACT

1301 1350
CICCCCTGAAGATIGCAGCAGUATTICGCCIRCABAGRACRTBATCCGLOOT
CICCCCIGAAGCATTGUACGAGCATTTCCCTICARRGACATARTCCGGELC

1351 1362
AIRBCLACGTAR
ATAMCCALLTIGA

SEQ ID NO:7 is 97% identical to SEQ ID NO:41
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Figure 14
DNA and protein scquences

NDV-F codon optimized DNA (SEQ ID NO:1)
atgggcagcaagceccagcacaagaateccagecceeectgatgetgatcaccecegeatceat
gctgatcctgggctgecatcagacccacaagctcecctggatggacgecccctggecgctyg
ccggcatcgtggtgaccecggecgacaaggcecgtgaacgtgtacaccagcagccagaccgge
agcatcatcgtgaagcectgetgcecccaacatgecceccagagacaaagaggectgcgecaagygce
ccecectggaagectacaacagaaccectgaccacccectgcetgaccececccectgggegacagea
tcagaaagatccagggctccecgtgagcacaagcggcggaggaaagcagggcagactgate
ggcgccgtgatcggecagegtggeectgggagtggectacagetgeccagattaccgetge
agccgccctgatccaggcecaaccagaacgecgceccaacatectgagactgaaagagagea
ttgccgccaccaacgaggecgtgcacgaagtgaccgacggectgagecagetgtecgtyg
gccgtgggcaagatgcagecagttecgtgaacgaccagttcaacaacaccgccagagaget
ggactgcatcaagatcacccagcaggtgggegtggagetgaacctgtacctgaccgage
tgaccacagtgttcggcccccagatcacaageccagecctgacacagetgaccatecag
gccctgtacaacctggetggeggcaacatggactatctgetgacaaagetgggaatcgyg
caacaaccagctgtccagectgatcggaageggectgatcaccggectaccccatectgt
acgacagccagacacagctgcectgggcatccaggtgaacctgeccagegtgggcaacctyg
aacaacatgcgcecgcecacctacctggaaacccectgagegtgtcecaccaccaagggcectacge
cagcgccctggtgceccaaggtggtgacacaggtgggcagegtgatcgaggaactggaca
ccagctactgcatcgagagcgacctggacctgtactgecaccagaatecgtgaccttecca
atgagcccceggceatectacagcetgectgagcecggcaacaccagegectygecatgtacagecaa
gaccgaaggcgcactgacaacaccctacatggcecctgaagggaagcegtgategecaact
gcaagatcaccacctgcagatgcaccgaccccecccaggcecatcatcagecagaactacgge
gaggccgtgagcecctgatcgatcgceccattcectgtaacgtgcetgtcecctggacggeatcac
actgagactgagcggcgagttcgatgccacctaccagaagaacatcagcatcctggaca
gccaggtgatcgtgaccggcaacctggacatcagecaccgagetgggcaacgtgaataac
agcatcagcaacgccctggacagactggccgagagcaacagcaagctggaaaaagtgaa
cgtgcgcecctgacatceccacttcececgetectgatcacctacategtgetgaccgtgatcagee
tggtgttcggcgceccecctgagectggtgectggectgectacctgatgtacaagcagaaggcece
cagcagaaaaccctgctgtggctgggcaacaacaccctggaccagatgagagcecaccac
cagagcctgatga

NDV-F protein (SEQ ID NO:2)
MGSKPSTRIPAPILMLITRIMLILGCIRPTSSLDGRPLAAAGIVVTGDKAVNVYTSSQTGSIIVKL
LPNMPRDKEACAKAPLEAYNRTLTTLLTPLGDSIRKIQGSVSTSGGGKQGRLIGAVIGSVALGVA
TAAQITAAAALIQANQONAANILRLKESIAATNEAVHEVTDGLSQLSVAVGKMQQEVNDQEFNNTAR
ELDCIKITQQVGVELNLYLTELTTVFGPQITSPALTQLTIQALYNLAGGNMDYLLTKLGIGNNQL
SSLIGSGLITGYPILYDSQTQLLGIQVNLPSVGNLNNMRATYLETLSVSTTKGYASALVPKVVTQ
VGSVIEELDTSYCIESDLDLYCTRIVTEPMSPGIYSCLSGNTSACMYSKTEGALTTPYMALKGSV
IANCKITTCRCTDPPGIISQNYGEAVSLIDRHSCNVLSLDGITLRLSGEFDATYQRNISILDSQV
IVIGNLDISTELGNVNNSISNALDRLAESNSKLEKVNVRLTSTSALITYIVLTVISLVEFGALSLV
LACYLMYKQKAQQKTLLWLGNNTLDOMRATTRA*
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Figure 14 (Continued)

DNA sequence of NDV-F VIId wildtype (SEQ ID NO:3)
atgggctccaaaccttctaccaggatcccagcacctetgatgectgatcacccggattat
gctgatattgggctgtatceccgtceccgacaagcectetcecttgacggcaggectecttgcagetg
caggaattgtagtaacaggagataaggcagtcaatgtatacacttcgtctcagacaggg
tcaatcatagtcaagttgctceccgaatatgeccagggataaggaggcgtgtgcaaaage
cccattagaggcatataacagaacactgactactttgetcactectettggecgactceca
tccgcaagatccaagggtetgtgtceccacatctggaggaggcaagcaaggccgectgata
ggtgctgttattggcagtgtagetcttggggttgcaacageggcacagataacageage
tgcggccctaatacaagccaaccagaatgceccgeccaacatecteecggecttaaggagagea
ttgctgcaaccaatgaagctgtgcatgaagtcaccgacggattatcacaactatcagtg
gcagttgggaagatgcagcagtttgtcaatgaccagtttaataatacggcgecgagaatt
ggactgtatacaaatcacacaacaggttggtgtagaactcaacctatacctaactgaat
tgactacagtattcgggccacagatcacctceccctgcattaactcagectgaccatccag
gcactttataatttagctggtggcaatatggattacttattaactaagttaggtatagg
gaacaatcaactcagctcgttaattggtagecggectgatcactggttacectatactgt
atgactcacagactcaactcttgggcatacaagtgaatttaccctcagtecgggaactta
aataatatgcgtgccacctatttggagaccttatctgtaagtacaaccaaaggatatge
ctcagcacttgtccecgaaagtagtgacacaagtecggttcecegtgatagaagagcttgaca
cctcatactgtatagagtccgatectggatttatattgtactagaatagtgacattecce
atgtccccaggtatttattectgtttgagecggcaacacatcagettgcatgtattcaaa
gactgaaggcgcactcactacgceccgtatatggecccttaaaggctcagttattgceccaatt
gtaaaataacaacatgtagatgtacagaccctcctggtatcatatcgcaaaattatgga
gaagctgtatccctgatagatagacattecgtgcaatgtettatcattagacgggataac
tctaaggctcagtggggaatttgatgcaacttatcaaaagaacatctcaatactagatt
ctcaagtcatcgtgacaggcaatcttgatatatcaactgaacttggaaacgtcaacaat
tcaatcagcaatgccttggataggttggcagaaagcaacagcaagcectagaaaaagtcaa
tgtcagactaaccagcacatctgctctcattacctatattgttctaactgtcatttcte
tagttttcggtgcacttagtctggtgttagecgtgttacctgatgtacaaacagaaggca
caacaaaagaccttgctatggcttgggaataataccctcegatcagatgagagccactac
aagagcatga

Amlno Ac1d sequence of NDV-F VIId wildtype (SEQ ID NO:4)

: MGSKPSTRIP APLMLITRIM LILGCIRPTS SLDGRPLAAA GIVVTGDKAV
bl NVYTSSQTGS IIVKLLPNMP RDKEACAKAP LEAYNRTLTT LLTPLGDSIR
101 KIQGSVSTSG GGKQGRLIGA VIGSVALGVA TAAQITAAAA LIQANQNAAN
151 ILRLKESIAA TNEAVHEVTD GLSQLSVAVG KMQOQFVNDQE NNTARELDCI
201 KITQQVGVEL NLYLTELTTV FGPQITSPAL TQLTIQALYN LAGGNMDYLL
251 TKLGIGNNQL SSLIGSGLIT GYPILYDSQT QLLGIQVNLP SVGNLNNMRA
301 TYLETLSVST TKGYASALVP KVVIQVGSVI EELDISYCIE SDLDLYCTRI
351 VIFPMSPGIY SCLSGNTSAC MYSKTEGALT TPYMALKGSV IANCKITTCR
401 CTDPPGIISQ NYGEAVSLID RHSCNVLSLD GITLRLSGEE DATYOKNISI
451 LEDSQVIVTGN LDISTELGNV NNSISNALDR LAESNSKLEK VNVRLTSTSA
501 LITYIVLTVI SLVFGALSLV LACYLMYKQK AQOKTLLWLG NNTLDOMRAT

551

TRA*
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Figure 14 (Continued)

DNA sequence of NDV-F-CAO2-CSmut (SEQ ID NO:5) for HVT116
atgggcagcaagcccagcacctggatcagegtgaccctgatgetgatcaccagaacceat
gctgatecctgagcetgecatctgecccacaagcecagcectggacggcagaccecctggeecgetyg
ccggcatcgtggtgaccggcgacaaggccecgtgaacatctacaccagecagecagaccgge
agcatcatcatcaagctgcectgeccaacatgeccaaggacaaagaggectgegecaagge
ccecectggaagectacaacagaaccectgaccaccectgetgaccecectgggecgacagea
tcagaagaatccagggcagcgecaccacaagcggcggaggaaagcagggcagactggtyg
ggcgctatcatcgggagcgtggecctgggegtggecacagcetgeccagattaccgetge
agccgccecctgattcaggccaatcagaacgecgcecaacatectgagactgaaagagagea
ttgccgceccaccaacgacgecgtgcacgaagtgacaaacggactgtececcagetggetgte
gctgtcggcaagatgcagcagttcgtgaacaaccagttcaacaacaccgeccagagaget
ggactgcatcaagatcgcccagcaggtgggcgtggagctgaacctgtacctgaccgage
tgaccacagtgttcggeccccagatcacaagcecccgetectgacccagetgacaateecag
gccecctgtacaacctggectggeggcaacatggactatectgetgactaagetgggagtggg
caacaaccagctgtccagectgatcgggtecgggcetgatcacaggcaaccceccatectgt
acgacagccagacacagctgectgggecatccagatcaacctgecatececgtgggaagectg
aacaacatgagagccacctacctggaaaccctgagegtgtcecaccaccaagggecttcge
cagcgccecctggtgcecccaaggtggtgacacaggtgggcagegtgatcgaggaactggaca
ccagctactgcatcgagagcgacatcgacctgtactgcaccagagtggtgaccttcceca
atgagccccecggcecatctacagectgectgagecggcaacaccagcecgectgecatgtacageaa
gaccgaaggagcactgacaacaccctacatggccecctgaagggaagegtgatcecgecaact
gcaagatgaccacctgcagatgcgeccgaccecccaggecatcatcagecagaactacgge
gaggccgtgagectgatcgacaaacattcectgtagegtgetgtecctggatggecatcac
actgagactgagcggcgagttcgacgecacctaccagaagaacatcagcatcecctggaca
gccaggtgatcgtgaccggcaacctggacatcagcaccgagetgggcaacgtgaacaac
agcatcagcagcaccctggacaagctggccgagtccaacaacaagctgaacaaagtgaa
cgtgaacctgaccagcacaagcgccctgatcacctacatcgtgetggcecatecgtgtecce
tggccttecggegtgatcagectggtgetggectgectacctgatgtacaagcagagagec
cagcagaaaaccctgctgtggectgggeaataacaccctggaccagatgagggceccaccac
cagaacctgatga

Amino Acid sequence of NDV-F-CAO2-CSmut (SEQ ID NO:6) for

HVT116

1 MGSKPSTWIS VTLMLITRTM LILSCICPTS SLDGRPLAAA GIVVTGDKAV
51 NIYTSSQTGS IIIKLLPNMP KDKEACAKAP LEAYNRTLTT LLTPLGDSIR
101 RIQGSATTSG GGKQGRLVGA IIGSVALGVA TAAQITAAAA LIQANQONAAN
151 ILRLKESIAA TNDAVHEVTN GLSQLAVAVG KMQQFVNNQF NNTARELDCI
201 KIAQQVGVEL NLYLTELTTV FGPQITSPAL TQLTIQALYN LAGGNMDYLL
251 TKLGVGNNQL SSLIGSGLIT GNPILYDSQT QLLGIQINLP SVGSLNNMRA
301 TYLETLSVST TKGFASALVP KVVTQVGSVI EELDTSYCIE SDIDLYCTRV
351 VIFPMSPGIY SCLSGNTSAC MYSKTEGALT TPYMALKGSV IANCKMITCR
401 CADPPGIISQO NYGEAVSLID KHSCSVLSLD GITLRLSGEF DATYQKNISI
451 LDSQVIVTGN LDISTELGNV NNSISSTLDK LAESNNKLNK VNVNLTSTSA
502 LITYIVLAIV SLAFGVISLV LACYLMYKQR AQQKTLLWLG NNTLDOMRAT

551

TRT*
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Figure 14 (Continued)

DNA coding for IBDV VP2 protein (SEQ ID NO:7)
ATGACAAACCTGCAAGATCAAACCCAACAGATTGTTCCGTTCATACGGAGCCTTCTGAT
GCCAACAACCGGACCGGCGTCCATTCCGGACGACACCCTGGAGAAGCACACTCTCAGGT
CAGAGACCTCGACCTACAATTTGACTGTGGGGGACACAGGGTCAGGGCTAATTGTCTTT
TTCCCTGGATTCCCTGGCTCAATTGTGGGTGCTCACTACACACTGCAGAGCAATGGGAA
CTACAAGTTCGATCAGATGCTCCTGACTGCCCAGAACCTACCGGCCAGCTACAACTACT
GCAGACTAGTGAGTCGGAGTCTCACAGTGAGGTCAAGCACACTCCCTGGTGGCGTTTAT
GCACTAAACGGCACCATAAACGCCGTGACCTTCCAAGGAAGCCTGAGTGAACTGACAGA
TGTTAGCTACAATGGGTTGATGTCTGCAACAGCCAACATCAACGACAAAATTGGGAATG
TCCTGGTAGGGGAAGGGGTCACTGTCCTCAGCCTACCCACATCATATGATCTTGGGTAT
GTGAGGCTTGGTGACCCCATTCCCGCTATAGGGCTTGACCCAARAAATGGTAGCTACATG
CGACAGCAGTGACAGGCCCAGAGTCTACACCATAACTGCAGCCGATGATTACCAATTCT
CATCACAGTACCAACCAGGTGGGGTAACAATCACACTGTTCTCAGCCAACATTGATGCT
ATCACAAGCCTCAGCATTGGGGGAGAGCTCGTGTTTCAAACAAGCGTCCAAGGCCTTGT
ACTGGGCGCCACCATCTACCTTATAGGCTTTGATGGGACTGCGGTAATCACCAGAGCTG
TAGCCGCAGATAATGGGCTGACGGCCGGCACCGACAATCTTATGCCATTCAATCTTGTC
ATTCCAACCAATGAGATAACCCAGCCAATCACATCCATCAAACTGGAGATAGTGACCTC
CAAAAGTGGTGGTCAGGCAGGGGATCAGATGTCATGGTCGGCAAGTGGCGAGCCTAGCAG
TGACGATCCATGGTGGCAACTATCCAGGGGCCCTCCGTCCCGTCACACTAGTAGCCTAC
GAAAGAGTGGCAACAGGATCCGTCGTTACGGTCGCTGGGGTGAGTAACTTCGAGCTGAT
TCCAAATCCTGAACTAGCAAAGAACCTGGTTACAGAATACGGCCGATTTGACCCAGGAG
CCATGAACTACACAAAATTGATACTGAGTGAGAGGGACCGTCTTGGCATCAAGACCGTC
TGGCCAACAAGGGAGTACACTGATTTTCGTGAGTACTTCATGGAGGTGGCCGACCTCAA
CTCTCCCCTGAAGATTGCAGGAGCATTTGGCTTCAAAGACATAATCCGGGCTATAAGGA
GGTAA

IBDV VP2 protein (SEQ ID NO:8)
MTNLODQTQOIVPFIRSLLMPTTGPASTIPDDTLEKHTLRSETSTYNLTVGDTGSGLIVE
FPGFPGSIVGAHYTLOSNGNYKFDOMLLTAQNLPASYNYCRLVSRSLTVRSSTLPGGVY
ALNGTINAVTFQGSLSELTDVSYNGLMSATANINDKIGNVLVGEGVTVLSLPTSYDLGY
VRLGDPIPAIGLDPKMVATCDSSDRPRVYTITAADDYQFSSQYQPGGVTITLFSANIDA
ITSLSIGGELVFQTSVQGLVLGATIYLIGFDGTAVITRAVAADNGLTAGTDNLMPENLV
IPTNEITQPITSIKLEIVTSKSGGQAGDOMSWSASGSLAVTIHGGNYPGALRPVTLVAY
ERVATGSVVTVAGVSNFELTPNPELAKNLVTEYGRFDPGAMNYTKLTLSERDRLGTKTV
WPTREYTDFREYFMEVADLNSPLKIAGAFGFKDITIRATIRR

Sv40 Promoter (SEQ ID NO:9)
gaattcgagctcggtacagcttggectgtggaatgtgtgtcagttagggtgtggaaagtc
cccaggcetcecccagcaggcagaagtatgcaaagcatgcatcectcaattagtcagcaacceca
ggtgtggaaagtccceccaggcectcecceccagcaggcagaagtatgcaaagecatgecatctecaat
tagtcagcaaccatagtcccecgeccctaactecgeccateccecgeccctaactecgeccag
ttccgececcattetecgecccatggetgactaattttttttatttatgcagaggecgagyg
ccgcecteggectectgagetattceccagaagtagtgaggaggettttttggaggectagge
ttttgcaaaaagct
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Figure 14 (Continued)

CMV-IE promoter (SEQ ID NO:10)
aactccgcecceccgttttatgactagaaccaatagtttittaatgccaaatgcactgaaatcce
cctaatttgcaaagccaaacgeccectatgtgagtaatacggggactttttacccaatt
tcccaagecggaaagecccctaatacactecatatggcatatgaatcagcacggtcecatgea
ctctaatggcggcccatagggactttccacatagggggegttcaccatttceccageata
ggggtggtgactcaatggectttacccaagtacattgggtcaatgggaggtaageccaat
gggtttttcccattactggcaagcacactgagtcaaatgggactttcecactgggttttg
cccaagtacattgggtcaatgggaggtgagccaatgggaaaaacccattgectgeccaagt
acactgactcaatagggactttccaatgggtttttccattgttggcaagcatataaggt
caatgtgggtgagtcaatagggactttccattgtattctgeccagtacataaggtcaat
agggggtgaatcaacaggaaagtcccattggagccaagtacactgcecgtcaatagggact
ttcecattgggttttgeccagtacataaggtcaataggggatgagtcaatgggaaaaacc
cattggagccaagtacactgactcaatagggacttteccattgggttttgeccagtacat
aaggtcaatagggggtgagtcaacaggaaagtcccattggagccaagtacattgagtca
atagggactttccaatgggttttgecccagtacataaggtecaatgggaggtaagecaatg
ggtttttcccattactggcacgtatactgagtcattagggactttccaatgggttttge
ccagtacataaggtcaataggggtgaatcaacaggaaagtcccattggagccaagtaca
ctgagtcaatagggactttccattgggttttgecccagtacaaaaggtcaatagggggtyg
agtcaatgggtttttcecccattattggcacgtacataaggtcaataggggtgagtcattyg
ggtttttccagccaatttaattaaaacgccatgtactttecccaccattgacgtcaatgg
gctattgaaactaatgcaacgtgacctttaaacggtactttcecccatagctgattaatgg
gaaagtaccgttctcgagcecaatacacgtcaatgggaagtgaaagggcagccaaaacgt
aacaccgccccggttttecceccecctggaaattccatattggcacgcattctattggectgagce
tgcgttctacgtgggtataagaggcgegaccagcegteggtaccgtegecagtetteggte
tgaccaccgtagaacgcagagctcectecgetgeag

SV40 polyA signal (SEQ ID NO:11)
Ggggatccagacatgataagatacattgatgagtttggacaaaccacaactagaatgca
gtgaaaaaaatgctttatttgtgaaatttgtgatgctattgetttatttgtaaccatta
taagctgcaataaacaagttaacaacaacaattgcattgattttatgtttcaggttcag
ggggaggtgtgggaggttttttcggatcctctagagtcgac

Synthetic polyA signal (SEQ ID NO:12)
aataaaatatctttattttcattacatctgtgtgttggttttttgtgtgaatcgatagt
actaacatacgctctccatcaaaacaaaacgaaacaaaacaaactagcaaaataggctyg
tccceccagtgcaagtgcaggtgeccagaacatttetett
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Figure 14 (Continued)

The nucleotide sequence of the cloned NDV Texas F gene (wild type non-modified)
(SEQ ID NO:32)
ATGGGCTCCAGATCTTCTACCAGGATCCCGGTACCTCTAATGCTGATCATCCGAACCGC
GCTGACACTGAGCTGTATCCGTCTGACAAGCTCTCTTGATGGCAGGCCTCTTGCGGECTG
CAGGGATCGTGGTAACAGGAGATAAAGCAGTCAACATATACACCTCATCCCAGACAGGG
TCAATCATAGTTAAGTTACTCCCGAATATGCCCAAGGACAAAGAGGTGTGTGCAAAAGC
CCCATTGGAGGCATACAACAGGACACTGACTACTTTACTCACCCCCCTTGGTGATTCTA
TCCGCAGGATACAAGAGTCTGTGACTACTTCCGGCAGGAAGGAGACAGAGACGCTTTATA
GGTGCCATTATCGGCAGTGTAGCTCTTGGGGTTGCGACAGCTGCACAGATAACAGCAGC
TTCGGCCCTGATACAAGCCAACCAGAATGCTGCCAACATCCTCCGGCTTARAGAGAGCA
TTGCTGCAACCAATGAAGCTGTGCACGAGGTCACTGACGGATTATCACAACTAGCAGTG
GCAGTAGGGAAGATGCAACAGTTTGTCAATGACCAGTTCAATAATACAGCGCAAGAATT
GGACTGTATAAAAATTGCACAGCAGGTCGGTGTAGAACTCAACTTGTACCTAACTGAAT
TGACTACAGTATTTGGGCCACAAATCACTTCCCCTGCCTTAACTCAGCTGACTATCCAA
GCGCTTTACAATCTAGCTGGTGGTAATATGGATTACTTGCTGACTAAGTTAGGTGTAGG
GAACAACCAACTCAGCTCATTAATTGGTAGCGGCTTGATCACCGGCAACCCTATTCTGT
ACGACTCACAGACTCAGATCTTGGGTATACAGCTAACTTTGCCTTCAGTTGGGAACCTG
AATAATATGCGTGCCACCTACCTGGAGACCTTATCTGTAAGCACAACCAAGGGATTTGC
CTCAGCACTTGTCCCAAAAGTGGTGACACAGGTCGGTTCCGTGATAGAAGAACTTGACA
CCTCATACTGTATAGGGACCGACTTGGATTTATACTGTACAAGAATAGTGACATTCCCT
ATGTCTCCTGGTATTTATTCTTGTCTGAGCGGTAATACATCGGCTTGCATGTATTCAAA
GACTGAAGGCGCACTTACTACGCCATATATGGCTCTCAAAGGCTCAGTTATTGCCAATT
GCAAGCTGACAACATGTAGATGTGCAGATCCCCCAGGTATCATATCGCAAAATTATGGA
GAAGCTGTGTCCTTAATAGATAGGCACTCATGCAACGTCTTATCCTTAGACGGGATAAC
TCTGAGGCTCAGTGGGGAATTTGATGCAACCTATCAAAAGAATATCTCTATACTAGATT
CTCAAGTTATAGTGACAGGCAATCTTGATATATCAACTGAGCTTGGGAATGTCAACAAC
TCAATAAGTAATGCCCTGAATAAGTTAGAGGARAAGCAACAGCAAACTAGACARAAGTCAA
TGTCAAACTGACCAGCACATCTGCTCTCATTACCTACATCGTTTTAACTGTCATATCTC
TTGTTTTTGGTGTACTTAGCCTGGTTCTAGCATGCTACCTGATGTACAAGCAAAAGGCA
CAACARAAGACCTTGTTATGGCCTTGGCGAATAATACCCTTGATCAGATGAGAGCCACTAC
AAAAATATGA

The amino acid sequence of the cloned NDV Texas F gene (wild type non-modified;
cleavage site underlined) (SEQ ID NO:33)
MGSRSSTRIPVPIMLITRTALTLSCIRLTSSLDGRPLAAAGIVVTGDRKAVNIYTSSQTG
SIIVKLLPNMPKDKEVCAKAPLEAYNRTLTTLLTPLGDSIRRIQESVTTSGGRRORRET
GATIGSVALGVATAAQITAASALIQANOQNAANTILRLKES TAATNEAVHEVTDGLSQLAV
AVGKMOQOQFVNDOFNNTAQELDCIKIAQOVGVELNLYLTELTTVEGPQITSPALTQLTIQO
ALYNLAGGNMDYLLTKLGVGNNQLSSLIGSGLITGNPILYDSQTQILGIQVTLPSVGNL
NNMRATYLETLSVSTTKGFASALVPRVVTQVGSVIEELDTSYCIGTDLDLYCTRIVTEP
MSPGIYSCLSGNTSACMY SKTEGALTTPYMALKGSVIANCKLTTCRCADPPGIISONYG
FAVSLIDRHSCNVLSLDGITLRLSGEFDATYQRNISILDSQVIVTGNLDISTELGNVNN
SISNALNKLEESNSKLDKVNVKLTSTSALITYIVLTVISLVEGVLSLVLACYLMYKQKA
QOKTLLWLGNNTLDOMRATTKT
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Figure 14 (Continued)

NDV-F YZCQ wildtype DNA sequence (SEQ ID NO:34)
atgggctccagatcttctaccaggatcccggtacctctaatgectgatcatccgaaccgce
gctgacactgagctgtatccgtctgacaagcectectettgatggecaggectettgeggetg
cagggatcgtggtaacaggagataaagcagtcaacatatacacctcatcccagacagqgg
tcaatcatagttaagttactcccgaatatgcccaaggacaaagaggtgtgtgcaaaagc
cccattggaggcatacaacaggacactgactactttactcecaccceccecececttggtgattceta
tccgcaggatacaagagtectgtgactacttecggaggaggcaagcaaggecgectgata
ggtgccattatcggcagtgtagectcttggggttgcgacagctygcacagataacagcagce
ttcggccctgatacaagccaaccagaatgctgceccaacatecteccggettaaagagagca
ttgctgcaaccaatgaagctgtgcacgaggtcactgacggattatcacaactagecagtyg
gcagtagggaagatgcaacagtttgtcaatgaccagttcaataatacagcgcaagaatt
ggactgtataaaaattgcacagcaggtcggtgtagaactcaacttgtacctaactgaat
tgactacagtatttgggccacaaatcacttccectgecttaactcagectgactatecaa
gcgctttacaatctagetggtggtaatatggattacttgctgactaagttaggtgtagg
gaacaaccaactcagctcattaattggtagcggcecttgatcaccggcaaccctattectgt
acgactcacagactcagatcttgggtatacaggtaactttgcecttcagttgggaacctyg
aataatatgcgtgccacctacctggagaccttatctgtaagcacaaccaagggatttge
ctcagcacttgtcccaaaagtggtgacacaggtcecggttccecgtgatagaagaacttgaca
cctcatactgtatagggaccgacttggatttatactgtacaagaatagtgacattccecct
atgtctcectggtatttattecttgtctgageggtaatacatcggettgecatgtattcaaa
gactgaaggcgcacttactacgccatatatggcectctcaaaggectcagttattgceccaatt
gcaagctgacaacatgtagatgtgcagatcccccaggtatcatatcgcaaaattatgga
gaagctgtgtccttaatagataggcactcatgcaacgtcttatecttagacgggataac
tctgaggctcagtggggaatttgatgcaacctatcaaaagaatatctctatactagatt
ctcaagttatagtgacaggcaatcttgatatatcaactgagcttgggaatgtcaacaac
tcaataagtaatgccctgaataagttagaggaaagcaacagcaaactagacaaagtcaa
tgtcaaactgaccagcacatctgctctcattacctacategttttaactgtcatatectce
ttgtttttggtgtacttagcctggttctagecatgetacctgatgtacaagcaaaaggea
caacaaaagaccttgttatggcttgggaataatacccttgatcagatgagagccactac
aaaaatatga

NDV-F protein from wildtype YZCQ strain (Amino Acid Sequence of NDV-F of
Texas strain with lentogenic cleavage site sequence) (SEQ ID NO:35)

mgsrsstripvplmliirtaltlscirltssldgrplaaagivvtgdkavniytssqgtg
siivkllpnmpkdkevcakapleaynrtlttlltplgdsirrigesvttsgggkqgrli
gaiigsvalgvataagitaasaligangnaanilrlkesiaatneavhevtdglsglav
avgkmggfvndgfnntageldcikiaqggvgvelnlyltelttvigpgitspaltgltiq
alynlaggnmdylltklgvgnnglssligsglitgnpilydsgtgilgigvtlpsvgnl
nnmratyletlsvsttkgfasalvpkvvtgvgsvieeldtsycigtdldlyctrivtfp
mspgiysclsgntsacmysktegalttpymalkgsviancklttcrcadppglisgnyg
eavslidrhscnvlsldgitlrlsgefdatygknisildsgvivtgnldistelgnvnn
sisnalnkleesnskldkvnvkltstsalityivltvislvigvlslvlacylmykgka
goktllwlgnntldgmrattki*
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Figure 14 (Continued)

NDV-F Texas wildtype DNA sequence (SEQ ID NO:36)
atgggctctaaaccttctaccaggatceccagcacctetgatgetgatcaccecggattat
gctgatattggactgtatccgtceccgacaagctectcecttgacggcaggectecttgecagetyg
caggaattgtagtaacaggagataaggcagtcaatgtatatacctegtctcagacaggg
tcaatcatagtcaagttgctcceccecgaatatgeccaaggataaggaggcgtgtgecgaaaga
cccattagaggcatataacagaacactgactactttgctcactectettggcgaatcca
tccgcaagatccaagggtctgtgtceccacgtctggaggaggcaagcaaggeccgectgata
ggtgctgttattggtagtgtagetcttggggttgcaacagecggcacaaataacagecage
tgcggceccectaatacaagccaaccagaatgetgecaacatecttecggettaaggagagcea
ttgctgcaaccaatgaagctgtgcatgaagtcaccgacggattatcacaactatcagtyg
gcagttgggaagatgcagcagtttgtcaatgaccagtttaataatacagcgcgagaatt
ggactgtataaaaatcacacaacaggttggtgtagaactcaacctatacctaactgaat
tgactacagtattcgggccacagatcacctcecececctgecattaactcagectgaccatceccag
gcactttataatttagectggtggcaatatggattacttattaactaagttaggtatagg
gaacaatcaactcagctcattaattggcagcggcectgatcactggttacectatattgt
atgactcacagactcaactcttgggcatacaagtgaattigecectcagtcgggaactta
aataatatgcgtgccacctatttagagaccttatctgtaagtacagccaaaggatatge
ctcagcacttgttccaaaagtagtgacacaagtcggttctgtgatagaagagettgaca
cctecatactgtatagagtccgatctggatttatattgtactagaatagtgacattececce
atgtccccaggtatttattecctgtttaagcggcaacacatcagecttgcatgtatticaaa
gactgaaggcgcactcactacgecgtatatggecceccttaaaggetcagttattgeccaatt
gtaagataacaacatgtagatgtacagaccctcctggtatcatatcgcaaaattatgga
gaagctgtatccctgatagatagacattcgtgcaatgtcecttatcattagacgggataac
tctgaggctcagtggagaatttgatgcaacttatcaaaagaacatctcaatactagatt
ctcaagtcatcgtgacaggcaatcttgatatatcaactgaacttggaaacgtcaacaat
tcaatcagcaatgcecttggataagttggcaaaaagcaacagcaagctagaaaaagtcaa
tgtcagactaaccagcacatccgctctcattacctatattgttectgactgtcatttete
tagttttcggtgcactaagtctgggtttaacatgttacctgatgtacaaacaaaaggca
caacaaaagaccttgctatggcecttgggaataataccctcecgatcagatgagagecactac
aagagcatga

NDV-F protein from wildtype Texas strain (Amino Acid Sequence of NDV-F VIId
wt YZCQ with Ientogenic cleavage site sequence) (SEQ ID NO:37)

mgskpstripaplmlitrimlildcirptssldgrplaaagivvtgdkavnvytssqgtg
siivkllpnmpkdkeacakdpleaynrtlttlltplgesirkiggsvstsgggkggrli
gavigsvalgvataagitaaaaligangnaanilrlkesiaatneavhevtdglsglsv
avgkmgqgfvndgfnntareldcikitggvgvelnlyltelttvigpgitspaltgltig
alynlaggnmdylltklgignnglssligsglitgypilydsgtgllgigvnlpsvgnl
nnmratyletlsvstakgyasalvpkvvtgvgsvieeldtsyciesdldlyctrivtip
mspgiysclsgntsacmysktegalttpymalkgsvianckittcrctdppgiisgnyg
eavslidrhscnvlsldgitlrlsgefdatygknisildsgvivtgnldistelgnvnn
sisnaldklaksnsklekvnvrltstsalityivltvislvfgalslgltcylmykgka
gagktllwlgnntldgmrattra*
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Figurc 14 (Continucd)

MDV gB promoter (SEQ ID NO:38)
CGATGTTTAGTCACGATAGACATCGGTTCGCCCAGCCGTCGAATACAGCATTATATTTT
AGTGTTGAAAATGTAGGGCTGCTTCCTCACTTAAAGGAGGAAATGGCTCGATTCATGTT
TCATAGCAGTAGAAAAACAGATTGGACCGTCAGTAAGTTTAGAGGGTTTTATGACTTTA
GCACTATAGATAATGTAACTGCGGCCCATCGCATGGCTTGGAAATATATCARAGAACTG
ATTTTTGCAACAGCTTTATTTTCTTCTGTATTTAAATGTGGCGAATTGCACATCTGTCG
TGCCGACAGTTTGCAGATCAACAGCAATGGAGACTATGTATGGAAARAATGGAATATATA
TAACATATGAAACCGAATATCCACTTATAATGATTCTGGCGGTCAGAATCAAGCACTTCA
GAAACGCAAAATATGACTGCAATTATTGATACAGATGTTTTTTCGTTGCTTTATTCTAT
TTTGCAGTATATGGCCCCCGTTACGGCAGATCAGGTGCGAGTAGAACAGATTACCAACA
GCCACGCCCCCATCTGACCCGTCCAATATTCTTGTGTCCCTGCATTTTATCTCACACAA
TTTATGAACAGCCATCATTAAGATCATCTCACT

IBDV DNA encoding VP2 protein of IBDV E strain (SEQ ID NO:41)
atgacaaacctgcaagatcaaacccaacagattgttccgttcatacggagecttctgat
gccaacaaccggaccggcgtccattceccggacgacaccctggagaagcacactctcaggt
cagagacctcgacctacaatttgactgtgggggacacagggtcagggctaattgtettt
ttcectggatteecctggetcaattgtgggtgetcactacacactgcagagcaatgggaa
ctacaagttcgatcagatgctcctgactgcccagaacctaccggccagctacaactact
gcaggctagtgagtcggagtctcacagtaaggtcaagcacactccctggtggegtttat
gcactaaacggcaccataaacgccgtgaccttceccaaggaagcectgagtgaactgacaga
tgttagctacaacgggttgatgtctgcaacageccaacatcaacgacaaaattgggaacy
tcectagtaggggaaggggtaaccgteoctcagettacecacatcatatgatettgggtat
gtgaggcttggtgaccccatacccecgctatagggcttgacccaaaaatggtagcaacatyg
tgacagcagtgacaggcccagagtctacaccataactgcageccgataattaccaattet
catcacagtaccaaacaggtggggtaacaatcacactgttctcageccaacattgatgec
atcacaagtctcagecgttgggggagagetcecgtgttcaaaacaagcecgtceccaaagecttgt
actgggcgccaccatctaccttataggecttitgatgggactgcggtaatcaccagagcectyg
tggccgcaaacaatgggctgacggccggcatcgacaatcttatgeccattcaatecttgtyg
attccaaccaatgagataacccagceccaatcacatccatcaaactggagatagtgaccte
caaaagtgatggtcaggcaggggaacagatgtcatggtcggcaagtgggagcctagcag
tgacgatccatggtggcaactatccaggagceccctcececgteccgtecacactagtggectac
gaaagagtggcaacaggatctgtcgttacggtcgctggggtgagcaacttcgagctgat
cccaaatcctgaactagcaasagaacctggttacagaatatggeccgatttgacccaggag
ccatgaactacacgaaattgatactgagtgagagggaccgceccttggcatcaagaccgte
tggccaacaagggagtacactgactttcgtgagtacttcatggaggtggeccgacctcaa
ctctccectgaagattgcaggagecatttggcttcaaagacataatccgggecataagga
ggtga
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Figure 14 (Continued)

IBDV VP2 protein of IBDV E strain (SEQ ID NO:42)
mtnlgdgtggivpfirsllmpttgpasipddtlekhtlrsetstynltvgdtgsglive
frgfprgsivgahytlgsngnykfdgmlltagnlpasynycrlvsrsltvrsstlpggvy
alngtinavtfggslseltdvsynglmsatanindkignvlvgegvtvlslptsydlgy
vrlgdpipaigldpkmvatcdssdrprvytitaadnygfssgygtggvtitlfsanida
itslsvggelviktsvgslvlgatiyligfdgtavitravaanngltagidnlmpfnlv
iptneitgpitsikleivtsksdggagegmswsasgslavtihggnypgalrpvtlvay
ervatgsvvtvagvsnfelipnpelaknlvteygrfdpgamnytklilserdrlgiktvy
wptreytdfreyfmevadlnsplkiagafgfkdiirairr™

Guinea pig CMYV promoter (SEQ ID NO:43)

ttagtcatatgttacttggcagaggccgecatggaaagtccecctggacgtgggacatcectyga
ttaatacgtgaggaggtcagceccatgttectttttggcaaaggactacggtcattggacgt
ttgattggcatgggatagggtcagccagagttaacagtgttettttggcaaagggatac
gtggaaagtcccgggcecatttacagtaaactgatacggggacaaagcacagceccatattt
agtcatgtattgcttggcagagggtctatggaaagteccctggacgtgggacgtectgatt
aatatgaaagaaggtcagccagaggtagectgtgtectttttggcaaagggatacggtta
tgggacgtttgattggactgggatagggtcagccagagttaacagtgttcttttggcaa
aggaaacgtggaaagtcccgggccatttacagtaaactgatactgggacaaagtacacc
catatttagtcatgttctttttggcaaagagcatctggaaagtccegggecagecattata
gtcacttggcagagggaaagggtcactcagagttaagtacatctttccagggccaatat
tccagtaaattacacttagttttatgcaaatcageccacaaaggggatttteccecggtcaa
ttatgactttttccttagtcatgcggtatceccaattactgeccaaattggcagtacatact
aggtgattcactgacatttggeccecgtectctggaaagteccecctggaaaccgctcaagtact
gtatcatggtgactttgcatttttggagagcacgcecccactecaccattggtecacgta
ccctatgggggagtggtttatgagtatataaggggecteccggtttagaagecgggecaga
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Figure 14 (Continued)

Partial plasmid pHM103+Fopt DNA sequence (SEQ ID NO:18)
Green and Italic = Arms
Black and bold = NDV Fopt
BLUE AND UPPERCASE = SV40 PROMOTER
Red and Italic and underlined = SV40 polyA

gagctcagggtatgatactcagetgttattgtggeccgaccaggaggactecaat
gottagecattecataagaacgctagagatgetatttaacgatgtgetgtogteta
aagaatttgtgratttagectttaaatygtaaaaccaatygacgcattcactacyge
tcgtgecgtgcaatttectgggccagggtatgecatattccataacagaaategaca
cttgagaagaggatctgactgtttgggataaaggtegtttgggtctgtectage
gatataatttatatgacgatatacattaaacatctgtgtgcagtacttaggtat
ttaatcatgtcgatgaaatgttatgtgtaaatatcggacaatatagataacggy
cacgctgctattgtaacgtygcgeccgcgegectagtygoctgactaatagtgtggat
gatgtatacagtatattacaaacgygaaatgatacgtaataaattatgtactctt
attgatttataaaaacatacatgcagtgttgctatgtcacataattagectege
cegtcectacgetceccactgaagataatgggcteocegetgttecaaaaaaatecagegt
gegtecgataagactttggtgecagtctettecggggtegecaatttagatttgoccge
atggagggtatctggggatttttgeccaatgoctggagcgacgactygtacgattcy
tccecatcgggatcectageagaccaatgatgttgacacacateggecrcatgecatgta
cggacggtetattgecgegagtttgttattticgaaggacaagatggaagtgtat
atggaaccgacaataatgttagtttgecatttettagggcggaatctacatgata
tcttateccaageggggtatgagecagagagatgtgatggtecataaagggtaaat
tttttagatctgaaataacgcagttgoeccaaacaacgatecgegattaaaagaaa
aatcggatggttcaattaggacatgecatggattotgtgcgecataaaccataacc
gecagcactgttgyggecacttecggtaactecaaatgegaagegttgecacgtetgega
taactacgcctactatgecacattgttactectgecatcecttaaaaatatatectgt
agtaattttcacagcaatgtcataacatcatctegetaaagaatgacctgggat
tggagaagtaatgaatatttgeaaccaatgcattgaataaactaacattaaact
AATTCGAGCTCGGTACAGCTTGGCTGTGGAATGTGTGTCAGTTAGGGTGTGGAA
AGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGT
CAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAR
GCATGCATCTCAATTAGTCAGCAACCATACTCCCGCCCCTAACTCCGCCCATCC
CGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTT
TTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGT
AGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAAAGCTgcggccgacac
catgggcagcaagecccagcacaagaatcccagecceceectgatgetgatcaceeg
catcatgctgatecctgggetgecatcagacccacaagetececetggatggacgecce
cctggecgetgeeggecategtggtgaceggegacaaggecgtgaacgtgtacac
cagcagccagaccggcagcatcategtgaagetgectgeccaacatgeccagaga
caaagaggcctgegccaaggeccececctggaagectacaacagaacccectgaccac
cctgetgacececeectgggegacagcatcagaaagateccagggetecgtgageac
aagcggcggaggaaagcagggcagactgatcggegecgtgateggecagegtgge
cctgggagtggctacagetgecccagattacegetgecagecgecctgatecagge
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Figure 14 (Continued)
caaccagaacgccgccaacatccetgagactgaaagagagcattgecgecaccaa
cgaggccgtgcacgaagtgaccgacggectgagecagetgtecgtggecgtggg
caagatgcagcagttcgtgaacgaccagttcaacaacaccgecagagagetgga
ctgcatcaagatcacccagcaggtgggegtggagetgaacctgtacectgaccga
getgaccacagtgtteggecceccagatcacaageccagecetgacacagetgac
catccaggeccctgtacaacctggetggeggeaacatggactatetgetgacaaa
gctgggaateggcaacaaccagetgtecagectgateggaageggeectgatcac
cggctacceccateectgtacgacagecagacacagetgetgggecatceccaggtgaa
cctgececcagegtgggcaacctgaacaacatgecgegecacctacctggaaaccecet
gagcgtgteccaccaccaagggctacgecagegecetggtgeccaaggtggtgac
acaggtgggcagcegtgatcgaggaactggacaccagctactgcatcgagagega
cctggacctgtactgcaccagaatcgtgaccttecccaatgageccecggecatceta
cagctgcectgagcggcaacaccagegectgecatgtacagcaagaccgaaggege
actgacaacaccctacatggeccctgaagggaagegtgatecgecaactgcaagat
caccacctgecagatgcaccgacccecccaggcatcatcagecagaactacggega
ggccgtgagectgatcgategecattectgtaacgtgetgtecctggacggeat
cacactgagactgagcggcgagttcecgatgeccacctaccagaagaacatcageat
cctggacagccaggtgategtgaceggecaacctggacatcagecaccgagetggg
caacgtgaataacagcatcagcaacgccctggacagactggecgagagcaacag
caagctggaaaaagtgaacgtgegectgacatecacttecgetetgatcaccta
catcegtgetgacegtgatcagectggtgtteggegecctgageetggtgetgge
ctgctacctgatgtacaagcagaaggcccagcagaaaacccectgetgtggetggg
caacaacaccctggaccagatgagagccaccaccagagectgatgagcggecaoge
ggggatccagacatgataagatacattgatgagtttggacaaaccacaactaga
atgcagtgaaaaaaatgctitatttgtgaaattigtgatgetatigetttattt
gtaaccattataagctgcaataaacaagttaacaacaacaattgecattgatttt
atgtttcaggttcagggggaggtgtgggaggttttttcggatcctectagagteg
acaattattttatttaataacatatagcccaaagacctcectatgaacatttagtt
tcececgtatactecaacggecgegtgtacacacgeatetetttgeatagegatgaayg
tttgttecggcagcagaaaatgcagatatccaacaatctggagaaaacttateat
cacagtggcagtggaaacatacccecectcectatattcatggtataattatcecgtceta
cagecgtccaggatagtggegtgagaaaatggagatetgecagecctectttcecat
ggcatgccgcectttattgttcattaaacgecacaatggtetcaacgecagatatgg
gecatagattctgaagaacccegttgacaatcecgaagaagaaggegtgcaggtett
tggaagactegcecacgttggtcttataatgtatgatcgagatgtcacectaatygc
cacatggtacaggcttatcgcecggtcatggecgatecggacttgtaattigcaacga
tgggcaaaggatcgacgacatgeccaaacattcectgaacccecygtagagatgttaacy
atgacgaggatgaatatcccatgctegctgeccatagtatcaagtacaccgegaa
taaggacgcgtccaacategttatatgcacacaatgggctacacgtgactaaca
cceceecgaatattagtecatatgtgagtttcagtetggecteccatatagectgtag
actatttgtggtttaagtgtgaacgaggcgctgtgaacgagactecgggecgatt
gtaagaacaagcaaatgcactttccatttaacaagaagtgtagagagaatactc
gacctctttggatgtatcctcegag
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Figure 14 (Continued)

Partial plasmid pSBl1 44cds SV FCAopt sequence for vSB1-009
(SEQ ID NO:19)
NDV-F-CA02-CSmut
Sv40 promotel\' \\
SB1UL44arm \

AN
AN

‘SB1 UL44arm

pSB1 44 cds SV CaFopt

Green and Iltalic = UL44 Recombination Arms
BLUE AND UPPERCASE = SV40 PROMOTER
Black and Bold = NDV-F-CAO2-CSmut sequence

Cttttgtcatgotcoggagototgatogeatottatcattacgtetygcatageaacygtat
ggagacgtgacgtggaagaccgggtttttagttgtggoggcagggacgattgocggeat
cacggctocgtatggagacatttctcotctagecggotttotttoggegtatacggoyt
tagctattoacgtggtecagagacgecagtoggtetotaatgaacacgtygctactacogt
geacgtogggaaattactgtgaacggtgcatatecgoctocggtogogogegtctocogoe
cagcacggacgcecgaggcgacgcgcgaagaagacgtatecagttacgatacgctyoggy
ggaatattcctacgataattctgagoctcatageggtcatetegattccagecatageo
agctttcaaaagtacatgtcgaacygcaactaageaccagtcaacattgactgacacgtt
acgcagtatatgcggtttottggtggytacaagtgtogogatattccttocgtogogct
accacgaggttctgttocgtocaattctigtattactygttaatattoggggcaatggct
actaccttagecggettoggtitacttctogggecgacattgttttcogogacagooge
ggttctgtgotyctacacttgtataaatgtacgcaacycgaatageggaataaageaat
tggcggcogocgcagetggtaaatgcatattaggaactgccatotegagecatgttggtt
tgcgtgttaatacaatattcctgatcgeggagcgattaatttttatatcatgtgcteat
agegttotticgaactygogaataaaactitogtggctactaaagggycctateygtgagt
ttatgecgotgtogaaaacatgaaagggccgatttaaagetaagttgcgeaggcagaggc
cactccatatacgctcotoggagacgeggetogeacgocagetgaaatattttoccoect

gcaggtcgaccCAATTCGAGCTCGGTACAGCTTGGCTCTGGAATCTGTGTCAGTTAGGS
TGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTA
GTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCA
TGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTA
ACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGC
AGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTITG
GAGGCCTAGGCTTTTGCAAAAAGCTcccggggcggccgccaccatgggecagcaageeeca
gcacctggatcagcgtgaccctgatgectgatcaccagaaccatgctgatecctgagetge
atctgccccacaagcagectggacggcagacccctggecgetgecggecategtggtgac
cggcgacaaggccgtgaacatctacaccagcagccagaccggcagcatcatcatcaage
tgctgececcaacatgeccaaggacaaagaggectgegecaaggecceccctggaagectac
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Figure 14 (Continued)
aacagaaccctgaccaccctgetgacceeecectgggegacageatcagaagaateccaggg
cagecgccaccacaagecggeggaggaaageagggecagactggtgggegetatcateggga
gegtggecctgggegtggeccacagetgeccagattacegetgecageecgecetgattecag
gccaatcagaacgccgecaacatectgagactgaaagagagcattgeccgecaccaacga
cgeegtgecacgaagtgacaaacggactgteccagetggetgtegetgteggecaagatge
agcagttcgtgaacaaccagttcaacaacaccgccagagagcectggactgeatcaagate
gecccagcaggtgggegtggagetgaacctgtacctgacegagetgaccacagtgttegg
cccecagatcacaageccegetetgacccagetgacaatccaggecctgtacaacetgg
ctggecggcaacatggactatcectgetgactaagetgggagtgggcaacaaccagetgtee
agcectgategggtecgggetgatcacaggecaaccccatecctgtacgacagecagacaca
getgetgggecateccagatcaacectgecatecgtgggaagectgaacaacatgagageca
cctacctggaaaccctgagegtgteccaccaccaagggettegecagegecetggtgeee
aaggtggtgacacaggtgggcagegtgatcgaggaactggacaccagctactgcatega
gagcgacatcgacctgtactgcaccagagtggtgaccttececcaatgageceecggeatet
acagctgcctgagecggecaacaccagecgectgecatgtacagecaagaccgaaggagecactg
acaacaccctacatggcecctgaagggaagegtgategeccaactgecaagatgaccacetg
cagatgecgecgaccccececcaggecatcatcagecagaactacggegaggeegtgagectga
tcgacaaacattcectgtagegtgetgtecetggatggecatcacactgagactgagegge
gagttcgacgeccacctaccagaagaacatcagcatectggacagecaggtgategtgac
cggcaacctggacatcagcaccgagetgggecaacgtgaacaacagecatcagecageacee
tggacaagctggccgagtccaacaacaagetgaacaaagtgaacgtgaacctgaccage
acaagcgccctgatcacctacategtgetggecategtgtecetggectteggegtgat
cagectggtgetggectgetacetgatgtacaagcagagageccagcagaaaaccetge
tgtggctgggcaataacaccctggaccagatgagggccaccaccagaacctgatgagcg
gcecgcgatacctgecaggtttge Jﬁpﬁéfaﬁtﬁéf”fgﬁc.Oaffé%d?pﬁfﬂ gagctc
ttgtaacatcgocggacgcgatttecgtagtaggecacatctocaaatgecaaaageggcaty
u?aanguat *gtacaL ggccctgcettacagteggtagggeatatatocaccecggaa

caggtyatgaggaatagtatgtaaccctotagecagtacy
;&éccitttc¢;ta qqcacaaacéaa&éaacq*ac&cza
tteg ngaccquAuidibguvi ggcagegectaaaaaqg
cagtgaacctaggect
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Figure 14 (Continued)

Partial plasmid pHVT US2 SV-Fopt-SynPA for vHVT306
(SEQ ID NO:20)

syn poly A tail
NDV-FconsViid-C Smut
SV40 promoter \ \

SORF3 flanking Arm N

IUSZ Flanking Arm

pHVT US2 SV-Fopt-synPA

Green and Italic = SORF3 and USZ Recombination Arms
BLUE AND UPPERCASE = 8SV40 PROMOTER

Black and Bold = NDV-FconsVIId-CSmut sequence

Red and Italic and Underlined = Synthetic Poly A tail

taaaatgggatctatcattacattcgttaagagtetggataattttactgtitgecage
ttcgatecttggaacgtactgtggatagtgecttactiggaatecgtgaaaatttgaaacy
tccattatttggatatecttcoggttgteccecatatececgoocctggtaccgecteggataco
ttgccecgtatggattogtattgacagtogegeaateggugaccaacaacgegtgggtac
acactcattcggaaatttteocgatgattctgaatattitattgecocgetecgttacgagteyg
ttggacatatctgtaatacatttcticttctgaaggategetgecacatttgatetatac
attggccaggatgttecaagtcteagatgttgeattctggcacagecacaactttatggoa
ttteccgatgtaategtcooggecageocctgggggagttctatattocgecatattigggatggt
aaggacaatagcagatcteogcaacctecagggaggectataataacgtttttaaaggatyg
gatttctcataaaaatctgtegeaaattacactgagaatatectttactagegeoygatt
gagagcatcgtogtecaattttctaaatggaaagaaaacaaggogggcaagagtgttce
agacattttcatttteggegaatotoctecaaatecccatggocgtgeaattgattgecaaaat
tggrcacttecgttecacgtttgtatctecaaacteotaagacactittaattgaagaacta
cgttctagtgtyggaaagaaacctatagyragaccatagaactatttgacaccacatatc
tttttgtatgtecaaactgaccatygategtatgttgetgaatgcactagggcaattocget
cgcgegactcecatacattgaataaticecacacgteagecteateggttagecaaggtecayg
tagttgaagtcatttatttitecceccgeggetggecaaatctacctetgggaatateccaa
gttgtcga&tafgatcgcaccggc ctggtcatggtgaaggaacttgtagcataaagac
gcaggtatcataggggtaatatttttttattcactecacatactaaaagtaacgcatatt
agcacc 55@?&??@qif&tc%ﬁfnQ&Cﬁ”Cf@u@tﬁg@%?fQﬁéfuéCﬁatf&tﬁéﬁca
acvataatgggacaacatatgectgcaggtcgacccAATTCGAGCTCGGTACAGCTTGGC

TGTGGAATGTGTGTCAGT TAGGGTGTGGAAAGT CCCCAGGCTCCCCAGCAGGCAGAAGT
ATGCARAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCC
AGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCC
TAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGC
TGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCA
GAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCARARAGCTCCCgggaegge
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Figure 14 (Continued)
cgccaccatgggecagcaageccagcacaagaateccagecececctgatgetgatecacee
gcatcatgctgatcctgggetgecatcagacccacaageteccctggatggacgeececcctg
gccgetgecggecategtggtgaceggegacaaggecgtgaacgtgtacaccageageca
gaccggcagcatcategtgaagetgetgeccaacatgeccagagacaaagaggecetgeg
ccaaggccccecectggaagectacaacagaaccetgaccacectgetgacceceecetggge
gacagcatcagaaagatccagggctccgtgagcacaagceggcggaggaaagecagggcag
actgatcggegecegtgateggecagegtggeccectgggagtggectacagetgeccagatta
ccegetgeagecgecctgatecaggecaaccagaacgecgecaacatectgagactgaaa
gagagcattgcecgccaccaacgaggcegtgecacgaagtgacecgacggectgagecaget
gteegtggecegtgggcaagatgecagecagttegtgaacgaccagttecaacaacacecgeca
gagagctggactgcatcaagatcacccagcaggtgggecgtggagectgaacctgtacctg
accgagctgaccacagtgtteggeccccagatcacaageccageectgacacagetgac
catccaggccctgtacaacctggetggeggecaacatggactatetgetgacaaagetgg
gaatcggcaacaaccagctgtccagectgatcggaageggectgatcaceggetaccece
atcctgtacgacagccagacacagctgctgggcatccaggtgaacctgecccagegtggg
caacctgaacaacatgcgcgeccacctacctggaaaccctgagegtgtecaccaccaagg
gctacgeccagegecetggtgeccaaggtggtgacacaggtgggecagegtgategaggaa
ctggacaccagctactgecatcgagagegacectggacectgtactgeaccagaategtgac
cttceccaatgagcececggecatetacagetgectgageggcaacaccagegectgeatgt
acagcaagaccgaaggcgcactgacaacaccctacatggececctgaagggaagcegtgatce
gccaactgcaagatcaccacctgecagatgecaccgaccecccaggeatcatcagecagaa
ctacggegaggecgtgagectgategategecattectgtaacgtgetgtecetggacg
gcatcacactgagactgagcggcgagttcgatgccacctaccagaagaacatcagecatce
ctggacagccaggtgatcgtgaccggcaacctggacatcagecaccgagetgggcaacgt
gaataacagcatcagcaacgccetggacagactggecgagagcaacageaagetggaaa
aagtgaacgtgcgectgacatccacttecgetetgatcacctacategtgetgacegtg
atcagecctggtgtteggegecetgagectggtgectggectgectacectgatgtacaagea
gaaggcccagcagaaaaccctgetgtggetgggcaacaacacccectggaccagatgagag
ccaccaccagagectgatgagcggcecgcegatatcaataaaatatetttatittcattac
atctgtgtgttggttttttgtgtgaatcgatagtactaacatacgctecteccatcaaaac
aaaacgaaacaaaacaaactagcaaaataggctgtecceccagtgcaagtgecaggtgecayg
gacatttctcttctagacctgcaggcececgggeaagtagatgeaatttoctecacactagt
tgggtttatctactaiégaattttcccciatctqtgatacacttgqgagcc*cracaag
catattgccatcatgtacgtttttatetactgtecttaacgcccatgggaacggaggcgt
cgtcgtcatgtﬁzzggacggraa cataggcageaacacaaattgegtitaggtgaggtyg

+

catgtggactcgataccaagceccectgecagetggggaacgtetggtggagageecgataat
ttgatatacgcacgceccatattactgtegttgaagtacgecttatettctatgttitcaa
atttaggttceccaagtggacgtgagaagtgtttgtatctecacatggaatggoccaaggoe
attccagcccaggtgcotggtactttaatggraaacaaacgttitggtagaggtattga
ttctattgcagttctgecagatatctgecagecececcgagtateccacaggetatacgatacygt
tatcggaggcctoccgattcetageattacatagecggtecagtagatecctgocattocggta
gegecaaccggcetacatoettecaaacagtetecacaataaatgeatetectegttectgecaa
teccggaaccgggeataccactecegectgecgatttaattctecacaattgggegatgeco
ggcggggcaaaacgaatgtggatttggecaaaccgacacaggtctgctgtacggactaat
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Figure 14 (Continued)

atgggcacacccacatcattcttecagatgetecatgeatigttotatgagaaagatoca
tagggtggaggcagegtcacgagatcgeccaggcaategatcgeattegtectagtaaag
tgacgagagttatcatgcacacacccat
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Figure 14 (Continued)

plasmid pCD046+NDV-F wt for vHVT110 (SEQ ID NO:21)

Green and Italic = BamHI fragment I intergenic
Recombination Arms

BLUE AND UPPERCASE = MCMV PROMOTER

Black and Bold = NDV-F VIId wildtype consensus sequence
Red and Italic and Underlined = SV40 Poly A tail

NDV-F Vild wt
poly A SV 40

Intergene 1 arm pMCMV Intergene 1 arm
\ N

pCDO46+NDV-F wt
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Figure 14 (Continued)
CATTGTTGGCAAGCATATAAGCTCAATCTGGGTGAGTCAATAGGGACTTTCCATTGTAT
TCTGCCCAGTACATAAGGCTCAATAGCGGGCGTGAATCAACAGGAAAGTCCCATTGGAGCCA
AGTACACTGCGTCAATAGGGACTTTCCATTGGGTTTTGCCCAGTACATAAGGTCAATAG
GGGATGAGTCAATGGGAAAAACCCATTGGAGCCAAGTACACTGACTCAATAGGGACTTT
CCATTGGGTTTTGCCCAGTACATAAGGTCAATAGGGGGTGAGTCAACAGGAAAGTTCCA
TTGGAGCCAAGTACATTGAGTCAATAGGGACTTTCCAATGGGTTTTGCCCAGTACATAA
GGTCAATGGGAGGTAAGCCAATGGGTTTTTCCCATTACTGGCACGTATACTGAGTCATT
AGGGACTTTCCAATGGGTTTTGCCCAGTACATAAGGTCAATAGGCGTGAATCAACAGGA
AAGTCCCATTGGAGCCAAGTACACTGAGTCAATAGGGACTTTCCATTGGGTTTTGCCCA
GTACAAAAGGTCAATAGGGGGTGAGTCAATGGGTTTTTCCCATTATTGGCACGTACATA
AGGTCAATAGGGGTGAGTCATTGGGTTTITTCCAGCCAATTTAATTAARACGCCATGTAC
TTTCCCACCATTGACGTCAATGGGCTATTGAAACTAATGCAACGTGACCTTTAAACGGT
ACTTTCCCATAGCTGATTAATGGGAAAGTACCGTTCTCGAGCCAATACACGTCAATGGE
AAGTGAAAGGGCAGCCAAAACGTAACACCGCCCCGGTTTTCCCCTGGAAATTCCATATT
GGCACGCATTCTATTGGCTGAGCTGCGTTCTACGTGGGTATAAGAGGCGCGACCAGCGT
CGGTACCGTCGCAGTCTTCGGTCTGACCACCGTAGAACGCAGAGCTCCTCGCTGCAGYC
ggccgcatgggetecaaaccttetaccaggateccagecacctetgatgetgatcaceeg
gattatgctgatattgggctgtatccgteccgacaagetectettgacggecaggectettg
cagctgcaggaattgtagtaacaggagataaggcagtcaatgtatacacttegtcteag
acagggtcaatcatagtcaagttgctccecgaatatgececcagggataaggaggegtgtge
aaaagccccattagaggcatataacagaacactgactactttgetcactectettggeg
actccatcegcaagatccaagggtctgtgteccacatetggaggaggcaagcaaggecegce
ctgataggtgctgttattggcagtgtagectecttggggttgcaacageggcacagataac
agcagctgeggecctaatacaagccaaccagaatgecgeccaacatecteceggettaagg
agagcattgctgcaaccaatgaagctgtgcatgaagtcaccgacggattatcacaacta
tcagtggcagttgggaagatgcagcagtttgtcaatgaccagtttaataatacggegeg
agaattggactgtataaaaatcacacaacaggttggtgtagaactcaacctatacctaa
ctgaattgactacagtattegggecacagatcacecteccetgeattaactcagetgace
atccaggcactttataatttagctggtggcaatatggattacttattaactaagttagg
tatagggaacaatcaactcagctegttaattggtageggectgatcactggttaceceta
tactgtatgactcacagactcaactcttgggcatacaagtgaatttaccctcagteggg
aacttaaataatatgcgtgccacctatttggagaccttatctgtaagtacaaccaaagg
atatgecctcagcacttgtccecgaaagtagtgacacaagteggttececgtgatagaagage
ttgacacctcatactgtatagagtccgatctggatttatattgtactagaatagtgaca
ttceccatgtecccaggtatttattectgtttgageggecaacacatcagettgecatgta
ttcaaagactgaaggcgcactcactacgeccgtatatggecccttaaaggectcagttattg
ccaattgtaaaataacaacatgtagatgtacagaccctecctggtatcatatcgcaaaat
tatggagaagctgtatccctgatagatagacattcgtgcaatgtcttatcattagacgg
gataactctaaggctcagtggggaatttgatgecaacttatcaaaagaacatetcaatac
tagattctcaagtcatcgtgacaggcaatcttgatatatcaactgaacttggaaacgtce
aacaattcaatcagcaatgccttggataggttggcagaaagcaacagcaagctagaaaa
agtcaatgtcagactaaccagcacatctgctctcattacctatattgttctaactgteca
tttectctagtttteggtgcacttagtectggtgttagegtgttacctgatgtacaaacag
aaggcacaacaaaagaccttgctatggcttgggaataataccectecgatcagatgagage
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Figure 14 (Continued)
cactacaagagcatgagcggccgcggggatecagacatgataagatacattgatgagtt
tggacaaaccacaactagaatgcagtgaaaaaaatgctttatttgtgaaatttgtgatyg
ctattgetttatttgtaaccattataagetgcaataaacaagtiaacaacaacaattgo
attgattttatgtttcaggttcagggggaggtygtgggaggttttticggatecctctaga
gtcgacaattattttatrttaataacatatageccaaagacctcetatgaacatttagttt
ceocgtatactcecaacggegegtgtacacacgecatetetttgecatagegatgaagtttgtt
cggcagcagaaaatgcagatatccaacaatctggagaaaacttatcatcacagtggcag

tggaaacatacccoco taattatcgtctacagecgteccaggatagt
ggcgtgagaaaatggagatectgcagecctoct CwCCd#ngngL””Cuutdftgf#Cd
ttaaacgcecacaatggtetcaacgeragatatgggcatagattotgaagaacocgttgac
aatccgaagaagaaggegtgecaggtetttggaagactecgecacgttggtettataatygta
tgatcgagatgtcaccoctaatgecacatggtacaggettategeggtecatggegategyg
acttgtaatttgcaacgatgggcaaaggatcgacgacatgccaaacattctgaacccygt
agagatgttaacgatgacgaggatgaatatcccatgcectegetgecatagtatecaagtac
accgcgaataaggacgegtceccaacategttatatgeacacaatgggetacacgtgacta
acacccccgaatattagtecatatgtgagtttecagtetggetecccatatagectgtagac
tatttgtggtttaagtgtgaacgaggegectgtgaacgagactecgggecgattgtaagaa
caagcaaatgcactttcecatttaacaagaagtgtagagagaatactcaacctetttgga
tgtatcctocgag
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Figure 14 (Continued)
Partial plasmid pHM103+NDV-F wt sequence for vHVT11l1l (SEQ

ID NO:22)
NDV-F Viid wt
V40 Promoter \ poly A SV 40
Intergene 1 arm\ \ \ Intergene 1 arm

pHM103 + NDV-F wt

Green and Italic = BamHI fragment I intergenic
Recombination Arms

BLUE AND UPPERCASE = SV40 PROMOTER

Black and Bold = NDV-F VIId wildtype consensus sequence
Red and Italic and Underlined = SV40 Poly A tail

gagctcagggtatgatactcagetgttatigtyggeccgaccaggaggactccaatgetta
gecattcataagaacgctagagatgctatttaacgatgtgectgtegtectaaagaatttgt
geatttagcctttaaatgtaaaaccaatgacgecattcactacgetegtgegtgeaattt
ctgggccagggtatgecataticecataacagaaatecgacacttgagaagaggatctgact
gtttgggataaaggtcegtttgggtctgtectagegatataatittatatgacgatataca
ttaaacatcetgtgtgeagtacttaggtatitaatcatgtocgatgaaatgttatgtgtaa
atatcggacaatatagataacgggcacgctgcectattgtaacgtgecgecececgegegetagt
getgactaatagtgtggatgatgtatacagtatattacaaacggaaatgatacgtaata
aattatgtactettattgatttataaaaacatacatgeagtgttgetatgtcacataat
tagcctogecegtotacgetecactgaagataatgggeteococgetgttcaaaaaaatca
gegtgegtegataagactttggtgecagtotettoggggtegeaatttagatttgoecgea
tggaggotatctggggatttttgecaatgctggagegacgactgtacgattegtececat
cgggatctagecagaccaatgatgttgacacacatecggecatgecatygtacggacggtota
ttgcgecgagtttgttattttegaaggacaagatggaagtgtatatggaaccgacaataa
tgttagtttgcatttottagggcggaatctacatgatatettateccaagoggyggtatyga
gecagagagatgtgatggtecataaagggtaaattttttagatotgaaataacgecagtty
cccaaacaacgatogecgattasaagaaaaategygatggttcaattaggacatgeatgga
ttectgtgogeataaaccataaccgeageactgttgggeactteggtaactcaaatgega
agegttgeacgtctgegataactacgectactatgeacattgttactectgeatettaa
aaatatatcctgtagtaattttcaca gC’dﬁgédd*ddf&t@df@iaﬂgdeagddiga
ccectgggattggagaagtaatgaatatttgeaaccaatgeattgaataaactaacatiaa

2cgaattcGAGCTCGGTACAGCTTGGCTGTGGAATGTGTGTCAGTTAGGCGTGTGGAARAG
TCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAAC
CAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCA
ATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCC
AGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGA
GGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAG
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Figure 14 (Continued)
GCTTTTGCAAAAAGCTgcggccgcatgggetccaaaccttectaccaggatececagecace
tctgatgctgatcacccggattatgetgatattgggetgtateccgtecgacaagetete
ttgacggcaggcctcttgecagctgcaggaattgtagtaacaggagataaggcagtcaat
gtatacacttcgtctcagacagggtcaatcatagtcaagttgectecccgaatatgeecag
ggataaggaggcgtgtgcaaaagccccattagaggcatataacagaacactgactactt
tgctcactectettggegacteccatecegecaagatecaagggtetgtgtecacatetgga
ggaggcaagcaaggccgcctgataggtgetgttattggcagtgtagetettggggttge
aacagcggcacagataacagcagctgcggccctaatacaagccaaccagaatgecgeca
acatccteceggecttaaggagagecattgetgcaaccaatgaagetgtgecatgaagtcace
gacggattatcacaactatcagtggcagttgggaagatgcagcagtttgtcaatgacca
gtttaataatacggcgecgagaattggactgtataaaaatcacacaacaggttggtgtag
aactcaacctatacctaactgaattgactacagtattecgggeccacagatcaccteeeccet
gcattaactcagctgaccatccaggcactttataatttagetggtggcaatatggatta
cttattaactaagttaggtatagggaacaatcaactcagectcgttaattggtageggee
tgatcactggttaccctatactgtatgactcacagactcaactcttgggecatacaagtg
aatttaccctcagtcgggaacttaaataatatgegtgeccacctatttggagaccttate
tgtaagtacaaccaaaggatatgcctcagcacttgtcececgaaagtagtgacacaagteg
gttccgtgatagaagagcttgacacctcatactgtatagagtccgatectggatttatat
tgtactagaatagtgacattcceccatgtccccaggtatttattcetgtttgageggeaa
cacatcagcttgcatgtattcaaagactgaaggcgcactcactacgeccgtatatggecce
ttaaaggctcagttattgccaattgtaaaataacaacatgtagatgtacagaccctect
ggtatcatatcgcaaaattatggagaagctgtatccctgatagatagacattcgtgcaa
tgtcttatcattagacgggataactctaaggctcagtggggaatttgatgcaacttate
aaaagaacatctcaatactagattctcaagtcatcgtgacaggcaatcttgatatatca
actgaacttggaaacgtcaacaattcaatcagcaatgccttggataggttggcagaaag
caacagcaagctagaaaaagtcaatgtcagactaaccagcacatetgetectcattacet
atattgttctaactgtcatttetctagtttteggtgecacttagtetggtgttagegtgt
tacctgatgtacaaacagaaggcacaacaaaagaccttgetatggecttgggaataatac
cctecgatcagatgagageccactacaagagecatgagcggecgeggggatecagacatgat
aagatacattgatgagtttggacaaaccacaactagaatgcagtgaaaaaaatgettta
tttgtgaaattigtgatgctattgectttatttigtaaccattataagctgcaataaacaa
gttaacaacaacaattgcattgattttatgttteaggttcagggggaggtgtgggagygt
ttttteoggatectetagagtcgacaattattttatttaataacatatagoccaaagaco
totatgaacatttagtttececgtatacteaacggegegtgtacacacgeatetetttge
atagcgatgaagtitgticggrageagaaaaltygoa gdpd*x racaatctggagaaaac

ttatcatcacagtggcagtggaaacatacccectectatattcatggtataatiatecgtc
tacagegtcecaggatagtggegtgagaaaatggagatctgecagecctectttcecatgge
atgccgetttattgttcattaaacgcacaatggtctcaacgecagatatgggcatagat
tctgaagaaccegttgacaatccgaagaagaaggcygtgcagygtectttggaagacteygca
cgttggtcttataatgtatgatcgagatgtcaccctaatgceccacatggtacaggettat
cgecggteatggegateggacttgtaatttgecaacgatygggeaaaggategacgacatyge
caagacattctgaacccegtagagatgttaacgatgacgaggatgaatateccatgctege
tgccatagtatcaagtacaccgegaataaggacgegteccaacatecgttatatgecacaca
atgggctacacgtgactaacaccoccgaatattagteatatgtgagtttecagtetgget
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Figure 14 (Continued)
agactatttgtggtttaagtgtgaacgaggcgectgtgaacgagac
agaacaagcecaagatgecactttocatttaacaagaagtgtagagaga
toggatgtatcecctegayg



U.S. Patent Aug. 25, 2015 Sheet 50 of 77 US 9,114,108 B2

Figure 14 (Continued)
Partial plasmid pHM103+NDV-F CAO2 for vHVT11l6 (SEQ
ID NO:23)

NDV-F-CA02-CSmut
SV40 Promoter \ polyA SV 40
Intergene 1 arm\ \ \ ’Intergene 1arm

ergenic

BLUE AND UPPERCASE = SV40 PROMOTER
Black and Bold = NDV-F-CAO2-CSmut sequence
Red and Italic and Underlined = SV40 Poly A tail

gagctcagggtatgatactecagcetgttattgtggeccgaccaggaggacteccaatgctta
geattcataagaacgcetagagatgctatttaacgatgtgetgtecgtctaaagaatttgl

catttagcectttaaatgtaaaaccaatgacgecattcactacgectegtygcgtygcaattt
CtgggccagggcazqvuzaeLccataacagaaatcgaca”ttgagaagaggatCCQact
gtittgggataaaggtcgtttgggtctgtecctagogatataatitatatgacgatataca
ttaaacatctgtygtgcagtacttaggtatttaatcatgtcgatgaaatygttatgtgtaa
atatcggacaatatagataacgggcacgoetgctattgtaacgtgecgocccgecgegectagt
gorgactaatagtgtggatgatgtatacagtatattacaaacggaaatgatacgtaata
gattatgtactcttattgatitataaaaacatacatgecagtgttgectatgtecacataat
tagcctocgcecgtectacgcecteccactgaagataatgggctoccgectgttcaaaaaaatca
gogtygcgtogataagactttggt Oa&GYCbsticgggytfgfaafi+aoattpg< cgca
tggagggtatctggggatttttgecaatgetggagegacgactygtacgattecgtoccat
cgggatc;agc&gaccaat‘atgttaﬂc:bacatcaacca{g@afafa ggacggtcta
tLtgecgogagtttgttattttcgaaggacaagatggaagltgtatatggaaccgacaataa
tgttagtttgeatticttagggoggaat Md(d(QdﬂdLCLCdCCC&ﬁg3ggggﬁﬁig&

goecagagagatgtgatggtcataaagggtaaalt k
wcaacgategegattaaaagaaaaatoggatggticaattaggacatgeatgga
Ftoctgtgocgrataaacc diddé‘g(ﬁdithQ:’gu jcacttecggtaactecaaatgoga
agegtitgeacgtectgegataactacgectactatgeaca z{qfidc~c*zdcaécéf§a
aaatatatcctgtagtaattiteacageaatgtcataacatecatctegetaaagaatyga
cotgggattggagaagtaatgaatatitgeaaccaatgcattgaataaactaacattaa
aCgaattcGAGCTCGGTACAGCTTGGCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAG
TCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAAC
CAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCARAGCATGCATCTCA
ATTAGTCAGCAACCATAGTCCCGCCCCTRAACTCCGCCCATCCCGCCCCTAACTCCGCCC
AGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGA
GGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAG

tgaaataacgragttyg
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Figure 14 (Continued)
GCTTTTGCAAAAAGCTgcggccgccaccatgggecagecaagececageacetggatecageg
tgaccctgatgetgatcaccagaaccatgetgatectgagetgecatetgececacaage
agcctggacggcagacccectggecegetgecggecategtggtgaccggegacaaggeegt
gaacatctacaccagcagccagaccggcagcatcatcatcaagetgetgeccaacatge
ccaaggacaaagaggcctgcgecaaggcecccectggaagectacaacagaaccetgace
accctgetgacceccetgggegacagecatcagaagaatccagggcagcgecaccacaag
cggcggaggaaagcagggcagactggtgggegetatcatecgggagegtggeectgggeg
tggccacagctgecccagattaccgetgecagecgeectgattcaggeccaatcagaacgece
gccaacatcctgagactgaaagagagcattgececgeccaccaacgacgeccgtgecacgaagt
gacaaacggactgtcccagectggetgtegetgtecggecaagatgecagecagttegtgaaca
accagttcaacaacaccgeccagagagcetggactgecatcaagategeccagecaggtggge
gtggagctgaacctgtacctgaccgagetgaccacagtgtteggeeccecagatcacaag
cceegetetgacccagetgacaateccaggecetgtacaacctggetggeggecaacatgg
actatctgctgactaagetgggagtgggcaacaaccagetgteccagectgategggtece
gggctgatcacaggcaaccccatectgtacgacagecagacacagetgetgggecatceca
gatcaacctgccatcegtgggaagecctgaacaacatgagagccacctacctggaaaccece
tgagcgtgtecaccaccaagggcttegecagegeectggtgececaaggtggtgacacag
gtgggcagcgtgatcgaggaactggacaccagctactgecatcgagagecgacategaccet
gtactgcaccagagtggtgaccttcecccaatgagccececggecatctacagetgectgageg
gcaacaccagcgcctgcatgtacagcaagaccgaaggagcactgacaacaccctacatg
gecctgaagggaagegtgategecaactgcaagatgaccacctgecagatgegecgacee
cccaggcatcatcagecagaactacggegaggecgtgagectgategacaaacattecet
gtagegtgctgtecctggatggecatcacactgagactgageggegagttegacgecace
taccagaagaacatcagcatcctggacagecaggtgategtgaccggcaacectggacat
cagcaccgagctgggcaacgtgaacaacagcatcagcagcaccctggacaagctggeeg
agtccaacaacaagctgaacaaagtgaacgtgaacctgaccagcacaagegecctgatce
acctacatcgtgectggccategtgteceectggectteggegtgatcagectggtgetgge
ctgctacctgatgtacaagcagagagcccagcagaaaacccectgetgtggetgggeaata
acaccctggaccagatgagggccaccaccagaacctgatgagcggeccgecyggggatecag
acatgataagatacattgatgagtttggacaaaccacaactagaatgcagtgaaaaaaa
tgctttatttgtgaaatttgtgatgctattgetttatttgtaaccattataagetgcecaa
taaacaagttaacaacaacaattgcattgattttatgtttcaggttcagggggaggtygt

gggaggttttttcggatectcectagagtcgacaattattttatitaataacatatagece
aaagacctctatgaacatttagttteccegtatactecaacyggegegtgtacacacgeate
tctttgcatagegatgaagttigttcggcagecagaaaatgeagatatccaacaatctgyg
agaaaacttatcatcacagtggcagtggaaacataccccctctatattcatggtataat
tatcgtctacagegtceccaggatagtggecgtgagaaaatggagatctgcagececctecttt
cecatggeatgecgetttattgttcattaaacgeacaatggtotcaacgeccagatatggg
catagattctgaagaaccoegttygacaatocgaagaagaaggegtgecaggtotitggaag
actogeacgttggtocttataatgtatgateogagatgtcacectaatgecacatggtaca
ggcttatcgeggtcatggegateggacttgtaatittgecaacgatgggeaaaggatecgac
gacatgccaaacattctgaaccegtagagatgttaacgatgacgaggatgaatatcecoca
tgctegctgecatagtatecaagtacaccegegaataaggacgegtocaacategttatat
geacacaatgggctacacgtgactaacaccccegaatattagteatatgtgagtttecayg
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Figure 14 (Continued)

tctggctecccatatagectgtagactatttgtggtttaagtgtgaacgaggecgectgtga
acgagactcecgggeccecgattgtaagaacaageaaatgeactttoccatttaacaagaagtgt
agagagaatactcaacctetttggatgtatectegay
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Figure 14 (Continued)

Partial plasmid HVTIG2 SV Fwt SbfI sequence for
vHVT301 (SEQ ID NO:24)

NDV-F Viid wt
SV40 promote( \ SV40 poly a
gp070 gp066

HVT IG2 SV Fwt Sbfl

Green and Italic = gp070 and gpl66 Recombination Arms
BLUE AND UPPERCASE = SV40 PROMOTER

Black and Bold = NDV-F VIId wildtype consensus sequence
Red and Underlined = SV40 Poly A tail

tgtttegecaccatatceccaagetggetgtecocctaagagettattectgecaagacetecata
cggaataattgccocgaccaatacttattacggacataggtaggeccgataaatattatgt
tgactoggaggatggaaaggaggttttgtaacagetacategetegttecatcagecaagey
atactttggatatocgagettcaaaagccgcataaaccccgetttatttctgaatacyge
cccaacagtaacacatgegtggttocctggecacttggaacgecgtygttttataggcaaga
acatactacccaaagaggtcettgggatttctggegegtegttgecaatgaagaaatgaat
tetttgttecttgaaatgoccgacaactctaaaaacggtattcgagecaccattactttac
goegtggatcectgaagtaaatocageogtigttgatggagectaacagattititgecaactga
tggattcgeggaagaatcctatgtttatacgaatecgctatgtgecgacaaccoceggaget
cagggtatgatactcagetgttattgtggecgaccaggaggactoccaatgettageatt
cataagaacgctagagatgcectatttaacgatgtgctgtegtcectaaagaatttgtgeatt
tagceetttaaatgtaaaaccaatgacgecattecactacgectegtgegtgecaatttctggy
ccagggtatgcatattcecataacagaaatcgacacttgagaagaggatctgactgtityg
ggataaagotcgtttgggtctgtectagegatataatttatatgacgatatacattaaa
catctgtgtgcagtacttaggtatttaatcatgtecgatgaaatgttatgtgtaaatate
ggacaatatagataacgggcacgcetgetattgtaacgtgegececgegegetagtgetga
s v

ctaatagtgtggatgatgtatacagtatattacaaacggaaatgatacgtaataaacct
gcaggtcgaccCAATTCGAGCTCGGTACAGCTTGGCTGTGGAATGTGTGTCAGTTAGGG
TGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTA
GTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCA
TGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTA
ACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGC
AGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTG
GAGGCCTAGGCTTTTGCAAAAAGCTgcggccgcatgggectecaaaccttctaccaggat
cccagcacctetgatgetgatcacceggattatgetgatattgggetgtatecgtecga
caagctctecttgacggcaggectettgecagetgecaggaattgtagtaacaggagataag
gecagtcaatgtatacacttegtectecagacagggtcaatcatagtcaagttgeteccgaa
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Figure 14 (Continued)
tatgcccagggataaggaggcgtgtgcaaaagecccattagaggcatataacagaacac
tgactactttgctcactcctettggegactccatcegecaagatccaagggtetgtgtee
acatctggaggaggcaagcaaggcecgcecctgataggtgetgttattggecagtgtagetet
tggggttgcaacagcggcacagataacagcagctgeggeccctaatacaageccaaccaga
atgccgccaacatcctececggettaaggagagecattgetgcaaccaatgaagetgtgeat
gaagtcaccgacggattatcacaactatcagtggcagttgggaagatgcagcagtttgt
caatgaccagtttaataatacggcgcgagaattggactgtataaaaatcacacaacagg
ttggtgtagaactcaacctatacctaactgaattgactacagtattegggecacagate
acctceccectgcattaactcagetgaccatccaggecactttataatttagetggtggecaa
tatggattacttattaactaagttaggtatagggaacaatcaactcagectcgttaattg
gtagcggcctgatcactggttaccctatactgtatgactcacagactcaactettggge
atacaagtgaatttaccctcagtcgggaacttaaataatatgegtgecacctatttgga
gaccttatctgtaagtacaaccaaaggatatgcctcagcacttgtecccgaaagtagtga
cacaagtcggttcecgtgatagaagagcttgacacctcatactgtatagagtcegatcetg
gatttatattgtactagaatagtgacattccccatgteececcaggtatttattectgttt
gagcggcaacacatcagcttgcatgtattcaaagactgaaggcgcactcactacgecgt
atatggcccttaaaggctcagttattgccaattgtaaaataacaacatgtagatgtaca
gaccctcctggtatcatatcgcaaaattatggagaagectgtatccectgatagatagaca
ttegtgcaatgtcttatcattagacgggataactctaaggectcagtggggaatttgatg
caacttatcaaaagaacatctcaatactagattctcaagtcatcgtgacaggcaatctt
gatatatcaactgaacttggaaacgtcaacaattcaatcagcaatgccttggataggtt
ggcagaaagcaacagcaagcetagaaaaagtcaatgtcagactaaccagcacatctgete
tcattacctatattgttctaactgtcatttctctagtttteggtgcacttagtectggtg
ttagecgtgttacctgatgtacaaacagaaggcacaacaaaagaccttgectatggettgg
gaataataccctcgatcagatgagagccactacaagagcatgagcggccgcggyggatee
agacatgataagatacattgatgagtttggacaaaccacaactagaatgcagtgaaaaa
aatgctttatttgtgaaatttgtgatgetattgetttatttgtaaccattataagetge
aataaacaagltltaacaacaacaattgcattgattttatgtttcaggttcaggggoaggt
gtgggaggttttticggatectetagaggggattaatcecectgcaggttatgtactettat

tgatt Laiaaa?~cafafatycag tgttgctatgtcacataattagoctegeccogtcta
cgcteccactgaagataatgggecteccgectgttcaaaaaaatcagegtgegtegataaga
ctttggtgcaarvuc@@Cugggtcgca&ttf&gafttaccgcatggagggtatc»aggq
atttttgccaatgctggagecgacgactgtacygattcgtoccategggatctagragacce
aatgatgttgacacacatcggecatgecatgtacggacggtctatigegegagtttgtt

ttttcgaaggacaagatggaagtgtatatggaaccgacaataatgttagtttgeatttce
ttagggcggaatctacatgatatcttateccaageggggtatgagecagagagatgtgat
gotcataaagggtaaattttttagatctgaaataacgecagtigoccaaacaacgatocgce
gattaaaagaaaaatcggatggttcaattaggacatgcatggatictgtgecgecataaac
cataaccgcagcactygttgggecactteggtaactcaaatgegaagegttgecacgtctyge
gataactacygcctactatgcacattgttactecctgecatcttaaaaatatatcctgtagt
aattttcacagcaatgtcataacatcatctegeta
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Figure 14 (Continued)

Partial plasmid pHVTUS10 cds F opt plasmid for
vHVT302 (SEQ ID NO:25)

NDV-FconsViid-C Smut
US10arm \\ US10arm

{

T

pHVTUS10 cds F opt

Green and Italic = US10 cds Recombination Arms
Black and Bold = NDV-FconsVIId-CSmut sequence

teccettacggecggatecgaaacgacattaggecatactegggraccattttgeattecga

cagcacggatgaaattaggecaggaatgeggtttatattatgeggecattggacaaacygat
atggcattgattggcagtttatgaatgtettcatgtigggegtaaacggaticectattyg
gttecagaagacaacgacgatatatitagagagaaaaagctacceageataggataaaca
cacattgageattgagagacataggtatcggtatyggatgggaaaactacacacgtyaac
accaaacgacttatatactcgageggtgatactactgagecaagaatgcactgeatcectga
qbaactvdatg&agactgtgatgaaaatgtgacc;:cgat gaattggagaagaatatyg
cocagtt tc¢Lgiccccgcaaiggg&cacaaaiccaudacgciaga5ggdqqua 1CC
&ﬁaaaqafaL% cgatgtatggtttocaacagacteaattatttteecctattatgaggce
gttecagogcggtctttgtttgatatgtatatgctaggtecggttggggcygt cga”ffaaau
gatctgactggyagactattatgecatctgtcaccaacgecaaagteggecygtctacataga
actttaagatttgtggagegtagaattatcccatctaacagttatatacgecacatcggg
cecacgttcogoottegagggcacttececgacagatacgaatittasagatggatgaataat
taaattggaaagagtaactacattaatcgagegtecatgacggegteccgtgaaaatggyg
aattttctactecgaaacaccgtgacatttgacagacctggaattgttattctgatatat
agtgggtgtgtctyggecggcaacatacataatgtgcatgogaaaccactttticagtgt
acgctgacattgtgecaacacggaggggtageatcectacatacaatatatgttgattacct

gcagggcggccgccaccatgggcagcaageccagecacaagaatececageececectgatg
ctgatcacccgecatcatgetgatectgggetgecatcagacccacaagetecetggatgg
acgeccccctggececgetgecggeategtggtgacecggegacaaggecgtgaacgtgtaca
ccagcagccagaccggcagcatcatcgtgaagectgectgeccaacatgeccagagacaaa
gaggcctgegccaaggecccecccetggaagectacaacagaacccectgaccaccetgetgac
ccecectgggegacagecatcagaaagateccagggetecgtgagecacaageggeggaggaa
agcagggcagactgatcggecgecgtgateggecagegtggecetgggagtggetacaget
gcccagattaccgetgecagecgecctgatccaggccaaccagaacgecgecaacatect
gagactgaaagagagcattgcecgecaccaacgaggecgtgecacgaagtgaccgacggee
tgagccagectgtecegtggeegtgggcaagatgecagecagttegtgaacgaccagttecaac
aacaccgccagagagctggactgecatcaagatcaceccagecaggtgggegtggagetgaa
cctgtacctgaccgagectgaccacagtgttecggecceccagatcacaageeccageectga
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Figure 14 (Continued)
cacagctgaccatccaggccectgtacaacctggetggeggecaacatggactatetgetg
acaaagctgggaatcggcaacaaccagctgteccagectgateggaageggectgatecac
cggctaccccatectgtacgacagecagacacagetgetgggeatecaggtgaacectge
ccagcegtgggcaacctgaacaacatgcgegecacctacctggaaaccctgagegtgtece
accaccaagggctacgeccagecgecctggtgeccaaggtggtgacacaggtgggecagegt
gatcgaggaactggacaccagectactgecatcgagagegacctggacctgtactgecacca
gaatcgtgaccttceccaatgageccecggecatctacagetgectgageggecaacaccage
gectgecatgtacagcaagaccgaaggegcactgacaacaccectacatggecectgaaggg
aagcgtgatcgecaactgecaagatcaccacctgecagatgecaccgacececceccaggeatea
tcagccagaactacggegaggecgtgagectgategategecattectgtaacgtgetg
tcectggacggecatcacactgagactgageggegagttegatgecacctaccagaagaa
catcagcatcctggacagecaggtgategtgaceggecaaccetggacatcagcacecgage
tgggcaacgtgaataacagcatcagcaacgccectggacagactggeccgagagcaacage
aagctggaaaaagtgaacgtgcegectgacatccactteecgetetgatcacctacategt
getgaccgtgatcagectggtgtteggegecctgagectggtgetggeectgetacetga
tgtacaagcagaaggcccagcagaaaaccctgetgtggetgggeaacaacaccetggac
cagatgagagccaccaccagagcctgatgagcggccgeccegggectgecaggeataggo
acgctoctgatgttacagaccacaataccgcatacatttattgtaaggttgttaataaag
gtttattctatgtaagactacaatactitegacattgettygtatacatattaaatactt

tetecaagttectattacataaaatgggatetatcattacattcgttaagagtctggata
attttactgtttgccagettcgatettggaacgtactgtggatagtgoctitacttggaa
tcgtgaaaatttgaaacgtecatiattiiggatatcticeggtigteoccatatececgeoo
tggtaccgcectoggataccettgececgtatggatticgtattgacagteooygcaatcgggyga
ccaacaacgcgtgggtccacactecattoeggaaattttecgatgattctgaatatttatt
geegetegttacgagtegttggacatatctgtaatacatticticttctgaaggatege
Labacatttqakcpauauafcaavcaq;atgétcaaQCCLcaqatgttgcaftct;gca
@agma«aﬁct* atggcattteccegatgtaatogtceggecageocctygggggagttctata
acaiaiégggatggwaaﬁgﬁuﬁ atagcagatctogecaaccteccagggaggctataa
Laacattttcaaaggﬁuq% tttctecataaagaatctgtegecaaattacactgagaatat
cotttactageogecgattgagageate btcgiccaattttciaaatggaaagaaaacaa
ggcgggcaagagtgttceccaaacattticattttcggegaatectctecaaateccatggey
tgcaattgalttgcaaaattggcacttececgticacgtitgtatctecaaactctaagaca
cttttaattgaaaaactacgttctagtgtggaaagaaacctataggcagaccatagaac
tatttgacaccacatatctttttgtatgtcaaactgaccatgatecgtat
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Figure 14 (Continued)

Partial plasmid pHVT US10 cds F CA02 opt sequence
for vHVT303 (SEQ ID NO:26)

NDV-F-CA02-CSmut
US10arm

US10 arm

pHVT US10 cds F CA02 opt

Green and Italic = US10 cds Recombination Arms
Black and Bold = NDV-F-CAOZ2-CSmut sequence

tccocttacggecggatcgaaacgacattaggeatactoegggtaccattttgeattocecgat
cagcacggatgaaattaggcaggaatgcggtttatattatgecggecattggacaaacgat
atggcattgattggcagtttatgaatgtettecatgttgggecgtaaacggattecectattyg
gttcagaagacaacgacgatatatttagagagaaaaagctacccagcataggataaaca
cacattgagecattgagagacataggtateggtatggatgggaaaactacacacgtgaac
accagacgacttatatactcgageggtgatactactgagecaagaatgecactgecatctga
geocactgaatgaagactgtgatgaaaatgtgaccatcecgatggaatiggagaagaataty
cgcagttcecttecatgtecoccgecaatgggteccaaatctacategettgagecgaggatacco
aaaaaggtataccgatgtatggtttccaacagactecaattattttececctattatgagygce
gttcaggcggtetttgtttgatatgtatatgectagygtecggttgoggcgtegacttaage
gatctgactgggagactatfatgcatctgicaccaacgcaaagtcggcgtctacataga
actttaagatttotggagegtagaattatocccatctaacagttatatacgecacatecggyg
ccacgttcecgeoocttogagggeactteocgacagatacgaatttaaagatggatgaataat
taaattggaaagagtaactacattaatcgagegtecatgacggcegteccecgtgaaaatggy
aattttctactcgaaacaccgtgacatttgacagacctggaattgttatictgatatat
agtgggtgtgtctggecoggeaacatacataatgtgeatgegaaaccacttiticagtgt

acgctgacattgtgcaacacggaggggtageatctacatacaatatatgttgattacct

gcagggcggccgcecaccatgggcagcaagecccageacctggatcagegtgacectgatg
ctgatcaccagaaccatgctgatectgagetgecatectgececacaagecagectggacgg
cagaccecctggeccgetgecggecategtggtgaceggegacaaggecgtgaacatetaca
ccagcagccagaccggcageatcatcatcaagetgetgeccaacatgeccaaggacaaa
gaggcctgecgeccaaggccecccecctggaagectacaacagaaccctgaccacecctgetgac
cccectgggegacagecatcagaagaateccagggecagecgecaccacaageggeggaggaa
agcagggcagactggtgggcgctatcategggagegtggeectgggegtggecacaget
gcecagattacegetgecagecgecctgattcaggecaatcagaacgecgecaacateet
gagactgaaagagagcattgccgeccaccaacgacgeecgtgcacgaagtgacaaacggac
tgtcccagetggectgtegetgteggecaagatgecagecagttegtgaacaaccagttcecaac
aacaccgccagagagetggactgecatcaagategeccagecaggtgggegtggagetgaa
cctgtacctgaccgagctgaccacagtgttcggecceccagatcacaagecececgetetga
cccagetgacaatecaggecectgtacaacetggetggeggeaacatggactatetgetg
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actaagctgggagtgggcaacaaccagctgtccagectgategggteegggetgatcac
aggcaaccccatcctgtacgacageccagacacagcectgetgggecatccagatcaacctge
catcegtgggaagecctgaacaacatgagageccacctacctggaaaccectgagegtgtece
accaccaagggcttcecgeccagegecectggtgeccaaggtggtgacacaggtgggecagegt
gatcgaggaactggacaccagctactgecategagagegacategacctgtactgeacca
gagtggtgaccttcccaatgageececcggecatctacagetgectgageggcaacaccage
gecetgecatgtacagcaagaccgaaggagcactgacaacaccctacatggecctgaaggg
aagcgtgatcgeccaactgcaagatgaccacctgecagatgegecgacceeccaggeatea
tcagccagaactacggegaggeccgtgagectgategacaaacattectgtagegtgetg
tccetggatggecatcacactgagactgageggecgagttecgacgecacctaccagaagaa
catcagcatcectggacagecaggtgatecgtgaceggecaacetggacatcagcacegage
tgggcaacgtgaacaacagcatcagcagecaccctggacaagetggecgagtccaacaac
aagctgaacaaagtgaacgtgaacctgaccagcacaagcecgecctgatecacctacategt
gctggecategtgtecetggectteggegtgatecagectggtgetggeectgetacetga
tgtacaagcagagagcccagcagaaaacccectgectgtggetgggcaataacaccectggac
cagatgagggccaccaccagaacctgatgagcggccgecccgggectgecaggeatagygc
acgcetetgatgttacagaccacaataccgeatacatttattgtaaggttgttaataaag

géttaffLt%;gtaaquctaCQ%uwctticgacaitgcztﬁtaLacauattﬁaapa”f*
tctcaagtteoctattacat gggatctatcattacattcegttaagagtetggata
déiiCdCéJiCEgCC&gCLLUgdLCLngdngidCLgi}QaLdJLJCC”LdCLLJuud
tcgtgaaaattigaaacgtocattatttggatatettcocggttgteoccatateocecgeoe
togtaccgcteggataccettgeecgtatggattegtattgacagtegegecaategggga
ccaacaacgcgtgggtocacactecatteoggaaatttteocgatgatictgaatatitatt
geocgctegttacgagtegttggacatatetgtaatacatitottetictgaaggatocge
tgcacatttgatctatacattggceccaggatgttecaagteteagatgttgecattectggea
cagcacaactttatggcecatttcegatgtaatcgtocggecagecctgggggagttctata
ttcgeatattgggatggtaaggacaatagecagatctegecaaccteragggaggctataa
taacgtttitaaaggatggattictcataaaaatctgtecgcaaattacactgagaatat
cetttactagegecgattgagageategtegtocaattttctaaatggaaagaaaacaa
ggcgggcaagagtgttcoccaaacattttecatittcggegaatctctcaaatcccatggey
tgecaattgattgcaaaattggcactteococgttecacgtitgtatcteorcaaactctaagaca
cttttaattgaaaaactacgtictagtgtggaaagaaacctataggcagaccatagaac
tatttgacaccacatatectttltigtatygtcaaactgaccatgatecgtat
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Figure 14 (Continued)

Partial plasmid HVT IG2 SVFopt syn tail sequence
for vHVT304 (SEQ ID NO:27)

NDV-F Vild-C Smut
8SV40 Promoter Syn Poly a tail
gp07Q \ \ gp066

HVT I1G2 SVFoptsyn tail.

Green and italic = gp070 and gpl66 Recombination Arms
BLUE AND UPPERCASE = SV40 PROMOTER

Black and Bold = NDV-FconsVIId-CSmut sequence

Red and Underlined = Synthetic Poly A tail

Tgtttcgecaccatateccaagetggetgteoctaagagettattectgecaagacctcata
cggaataattgcccgaccaatacttattacggacataggtaggecgataaatattatgt
tgactggaggatggaaaggaggtittgtaacagctacategetogttecatcagoaagoey
atactttggatatccgagettcaaaagecgeataaaccceccgetttatttctgaatacge
cocaacagtaacacatgegtaggttectggcacttggaacgecgtgttttataggeaaga
acatactacccaaagaggtcttgggatitctggecgegtegttgcaatgaagaaatgaat
Lotttgttocttgaaatgecgacaactctaaaaacggtat tegageaccattactttac
gegtggatcoctgaagtaaatccagogttgttgatggagectaacagattttigeaactyga
tggattogeoggagaatcctatgtitatacgaateocgectatgtgocgacaacocecyggagct
cagggtatgatactecagetgttattgtyggecgaccaggaggactcecaatgcttageatt
cataagaacgctagagatgctatttaacgatgtgetgteygtetaaagaattitgtgeatt
tagootittaaatygtacaaccaatgacgeattcactacgetegtgegtgecaatttctggyg
cecagggtatgcecatattcecataacagaaategacacttgagaagaggatctgactgttty
ggataaaggtegtttgggtctgtectagegatataatttatatgacgatatacattaaa
catctgtgtgcagtacttaggtatitaatcatgteogatgaaatgtitatgtgtaaatate
ggacaatatagataacgggcacgoeltgotattgtaacgtgegeccgegegetagtgotga
ctaatagtgtggatgatgtatacagtatattacaaacggaaatgatacgtaataaacct

gcaggtcgaccCAATTCCAGCTCGGTACAGCTTGCCTGTGCGAATCTGTGTCAGTTAGGG
TGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTA
GTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCA
TGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTA
ACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTITATGC
AGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTG
GAGGCCTAGGCTTTTGCAAAAAGCTcccggggcggecgccaccatgggecagcaagecca
gcacaagaatcccagccceccccectgatgectgatcaccegecatcatgetgatecetgggetge
atcagacccacaagctcectggatggacgceeccectggecgetgeeggecategtggtgac
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Figure 14 (Continued)
cggcgacaaggccgtgaacgtgtacaccagecageccagacceggecagecatcategtgaage
tgctgececcaacatgececcagagacaaagaggectgegecaaggeecececectggaagectac
aacagaaccctgaccaccctgectgaceccectgggegacagecatcagaaagatcecaggg
ctecegtgagecacaageggeggaggaaagecagggecagactgateggegeegtgateggea
gegtggecetgggagtggetacagetgeccagattacegetgeageecgecctgatecag
gccaaccagaacgccgecaacatectgagactgaaagagagecattgeecgecaccaacga
ggccgtgcacgaagtgaccgacggectgageccagetgteecgtggecgtgggcaagatge
agcagttcgtgaacgaccagttcaacaacaccgccagagagctggactgcatcaagate
acccagcaggtgggcgtggagctgaacctgtacctgaccgagetgaccacagtgttegg
cccccagatcacaageccagecctgacacagetgaccatecaggecctgtacaacetgg
ctggcggcaacatggactatectgetgacaaagetgggaatcggcaacaaccagetgtec
agcctgatecggaageggectgatcaceggectacceccatectgtacgacageccagacaca
gctgectgggecatccaggtgaacctgeccagegtgggecaacctgaacaacatgegegeca
cctacctggaaaccctgagegtgtccaccaccaagggectacgeccagegecctggtgeee
aaggtggtgacacaggtgggcagcgtgatcgaggaactggacaccagectactgecatega
gagcgacctggacctgtactgcaccagaategtgacettecccaatgageececeggeatet
acagctgccectgagcggcaacaccagegectgecatgtacagcaagaccgaaggegeactg
acaacaccctacatggcecectgaagggaagegtgategecaactgecaagatcaccacetg
cagatgcaccgaccccccaggcatcatcageccagaactacggecgaggecgtgageectga
tcgategecattectgtaacgtgetgtecctggacggecatcacactgagactgagegge
gagttcgatgccacctaccagaagaacatcagcatcetggacageccaggtgategtgac
cggcaacctggacatcagcaccgagctgggcaacgtgaataacagcatcagcaacgece
tggacagactggccgagagcaacagecaagetggaaaaagtgaacgtgegectgacatee
acttcegetetgatcacctacatcgtgetgacegtgatcageetggtgtteggegeect
gagcctggtgetggectgetacctgatgtacaagecagaaggeccagecagaaaacectge
tgtggctgggcaacaacaccctggaccagatgagagccaccaccagagectgatgageg
gcecgcgatatcaataaaatatctttattttecattacatctgtgtgttggttttttgtgt
gaatcgatagtactaacatacgcectctceccatcaaaacaaaacgaaacaaaacaaactage
gaaataggctgtcocccagtgcaagtgecaggtgccagaacatttctecttctagacctgea
ggttatgtactcttattgatttataaaaacatacatgcagtgtigectatgtcacataat
tageetegeoeccgtectacgetocactgaagataatgggetecegetgticaaaaaaatca
gcgtgcgtcgaf gagfttg@*“cagtCZCprq%gqugdvauptggaﬁiffaccgca

cgaga*cﬁaacaaacca tqafg“*ga@aaa“a ng Catgc tgt egOacqgrkb
ttgeocgcgagtttgttattticgaaggacaagatggaagtgtatatggaaccgacaataa

tgttagtrt?cafﬁ*cttagggcggaatcf%“&*gatatcttat:?aaj@uggat tga
ccag tgtgatggtcataaagggtaaattttttagatctgaaataacgecagttyg
26 gatcgecgattaaaagaaaaatoggatggttcaattaggacatgecatyga
ataaaccataaccgcagecactgttgggcactteggtaactcaaatgoega
gtcoctgcgataactacgoctactatgeacattgttactecctygcatettaa

tgtagtaattttcacagecaatgtcataacatcatctogectaa
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Figure 14 (Continued)

Partial plasmid pHVT US2 SV-FCA02 opt-synPA for
vHVT307 (SEQ ID NO:28)
SV40 Promoter
NDV-F-CAO02-C Smut
| synthetic poly A tail
gl /SORF3 Flanking arm
b4

US2 Flanking arm
N

\,

Green and Italic = USZ and SORF3 Recombination Arms

BLUE AND UPPERCASE = SV40 PROMOTER

Black and Bold = NDV-F-CAO2-CSmut sequence

Red and underlined = Synthetic Poly A tail
tatctcoccacatcgtattcaggeccacggaagtcttegttatecgaagetattgttactag
tatctggcecgacatcgacggttctgecaaccgtecgtaccgctttcgatattttcacagaca
atacccatattcecgaggcacttactttogaagactcaacatctacttecatcacecgecac
gtatgtaatttegggacgttggatgatataaaatatatagtacgegtecocgggtatacac
ctotgegaaagtagtacgagaccggcagtcaaaaagacgtitteccgatettocacagetc
cagttattcggaaggcgtgggecatgggtgtgtgecatgataactctegtecactttactayg
acgaatgcgategattgecctgggegatctogtgacgetgectecaccetatggatettt
ctcatagaacaatgcatggagecatctygaagaatgatgtgggtgtgeccatattagtocyg
tacagcagacctgtgtcggtttgoraaatocacattogtittgecococgecggeatogod
caattgtgagaatliaaatcggecaggegguagtggtatgeecegygttccggattggeagyga
acgagagatgcatttattgtgagactgtttgaagatgtagecggttgegectaccgaaty
geaggatctactgaccggctatgtaatgctagaatocggagycciccgataacgtatoegt
atagcecctgtggatactcyggggctgcagatatctgcagaactgecaatagaatcaataccet
ctaccaaaacgtttgtitgecattaaagtaccaggecacctgggetggaatgecttgage
cattceccatgtgagatacaaacacttcteacgtecacttgggaacctaaatttgaaaaca
tagaagataaggegtacticaacgacagtaatatggegtgegtatatcaaattatoggce
tctecaccagacgtteceocagetgeaggggettggtatecgagtocacatgracocccace
taaacgcaatttgtgttgctgectatgtigecgtecaatacatgacgacgacgectecy
ttoccatggocgttaagacagtagataaaaacgtacatgatggecaatatgottgtagag
goteocccaagtgtatcacagataggggaaaattcaatagtagataaacccaactagtgtyg

aggaaalttgcatcectacttgeccecegggectgecaggtecgaccCAATTCGAGCTCGGTACA
GCTTGGCTGTGGAATCTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGG
CAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAG
GCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTC
CCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGLC
CCATGGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGC
TATTCCAGAAGTAGTCAGGAGGCTTTTTIGGAGGCCTAGGCCTTTTGCAAAAAGCTcccyg
gggcggccgceccaccatgggecagecaageccagecacctggatcagegtgacectgatgetg
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Figure 14 (Continued)
atcaccagaaccatgctgatcctgagetgecatctgecccacaagcagectggacggeag
acccctggecgetgeecggecategtggtgacecggegacaaggeecgtgaacatectacacca
gcagccagaccggcagcatcatcatcaagetgectgeccaacatgeccaaggacaaagag
gccetgecgecaaggeccecectggaagectacaacagaacectgaccaceetgetgacecee
cctgggcgacagcatcagaagaateccagggecagegecaccacaageggeggaggaaage
agggcagactggtgggcgctatcatecgggagegtggecctgggegtggecacagetgee
cagattaccgctgecagecegececctgattcaggecaatcagaacgecgecaacatectgag
actgaaagagagcattgceccgeccaccaacgacgecegtgcacgaagtgacaaacggactgt
cccagetggetgtegetgteggecaagatgcagcagttegtgaacaaccagttcaacaac
accgecagagagctggactgeatcaagategeccagecaggtgggegtggagetgaacct
gtacctgaccgagctgaccacagtgtteggeccceccagatcacaagecccgetetgacee
agctgacaatccaggecectgtacaacctggetggeggcaacatggactatectgetgact
aagctgggagtgggcaacaaccagctgtceccagectgategggtecgggetgatcacagg
caaccccatcctgtacgacagecagacacagetgetgggecateccagatcaacectgecat
ccgtgggaagcctgaacaacatgagagcecacctacctggaaaccctgagegtgtecace
accaagggcttegecagegecetggtgeccaaggtggtgacacaggtgggecagegtgat
cgaggaactggacaccagctactgcatcgagagecgacatcgacctgtactgecaccagag
tggtgaccttceccaatgagecceggeatctacagetgectgageggecaacaccagegee
tgcatgtacagcaagaccgaaggagcactgacaacaccctacatggecectgaagggaag
cgtgatcgccaactgecaagatgaccacctgecagatgegecgaccececcaggecatcateca
gccagaactacggegaggcegtgagectgategacaaacattectgtagegtgetgtee
ctggatggcatcacactgagactgageggecgagttecgacgecacectaccagaagaacat
cagcatcctggacagccaggtgatecgtgaccggcaacctggacatcagecacecgagetgg
gcaacgtgaacaacagcatcagcagcaccectggacaagetggeegagtccaacaacaag
ctgaacaaagtgaacgtgaacctgaccagcacaagecgeccctgatcacctacategtget
ggccategtgtecetggectteggegtgatcagectggtgetggectgetacctgatgt
acaagcagagagcccagcagaaaacccectgetgtggetgggecaataacacectggaccag
atgagggccaccaccagaacctgatgagcggccgcgatatcaataaaatatetttattt
tcattacatcectgtgtgttggttttttgtgtgaatcgatagtactaacatacgectecteca
tcaaaacaaaacgaaacaaaacaaactagcaaaataggctgteccecagtygcaagtygcay
gtgccagaacattictettctagacctgecaggeatatgttytoccattatgttgtacat
aatcgtgatgtagtgctacgraaatgtcaattgatageccatacatggtgoctaatatge
tfﬁrffftawfcﬁqua7L\a“+aacg( watattaccoctatgatacctgegtettta

e

tgctacaagttcottcecaccatgaccagagocggtgegateatattcgacaacttggata
ttececagaggtaga Li@d}@@dg cgcggygaaaaataaatygacticaactactyggacc
ttgctaaccgatgagctgacygtgtyggaattattcaatygtatogagtbecgcygcgagogaat
tgeceoctagtgeattcageaacatacgatecatggteagtttgacatacaaaaagatatgt
ggtgtcaaatagttctatggtetgcotataggtttctticcacactagaacgtagtttt
tcaattaaaagtgtcottagagtttggagatacaaacgtgaacggaagtgecaattttge
aatcaattgracgecatgggatttgagagattcgocgaaaatgaaaatygtttggaacac
tcttgceccecgecttgttticttteccatitagaaa aétjuagqafaaugvuafaaaicggc
gotagtaaaggatattctecagtygtaatttygcgacagatttttatgagaaateccateott
aaaaacgttattatagcectoectggaggtty qaqatctqctattg@Ccttaccatcc
caatatgcgaatatagaactoccccagggetgoo gecata
aagttgtgctyg gccagaath?aca?ctgagz tataga
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Figure 14 (Continued)

tcaagatgtgcagecgatocttocagaagaagaagatgtattacagatatgtocaacgactcy
taacgagcggcaataaatattcagaatcateggaaaatttecgaatgagtgtggaccea
cgcgttgttggtececgattgogogactgteaatacgaateccatacgggcaaggtatoo
gagcggtaccagggogggatatgggacaaccggaagatatceaaataatggacgtttca
aattttcacgattccaagtaaggecactatccacagtacgticcaagategaagetggea
aacagtaaaattatcecagactettaacgaatgtaatgatagatcccatttta
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Figure 14 (Continued)

Partial plasmid pCDO46+NDV-F VII YZCQ for vHVT112 (SEQ ID NO:29)

Green and Italic = Flanking Arms
BLUE AND UPPERCASE = mCMV IE

Black and Bold = NDV-F VIId wt YZCQ
Red and underlined = SV40 Poly A

gagcectecagggtatgatacteagetgttattgtggecgaccaggagygactecaatygetia
goattcataagaacgcetagagatgotatttaacgatgtgetgtegtetaaagaatitgt
gecatttagectttaaatgtaaaaccaatgacgeattcactacgectegtgegtgeaattt
ctgggccagggtatgcatattccataacagaaatcgacacttgagaagaggatctgact
gtttgggataaaggtogtttgggtctgteoctagogatataatttatatgacgatataca
ttgaacatctgtotgcagtacttaggtatttaatecatgtegatgaaatgttatgtgtaa
atatcggacaatataaataacgggcacgctgctaftg aacgtgcgccocgegegetagt
gotgactaatagtgtggatgatgtatacagtatattacaaacggaaatgatacgtaata
aattatgtactcecttatigatttataaaaacatacatgecagtgttgetatgteacataat
tagcectoegeccgtcectacgeteecactgaagataatgggcteccecgetgticaaaaaaatca
gogtgcegtegataagactttggtgecagtectettoggggtocgeaatttagatttgoocgea
tggagggtatctggggatttitgoccaatgotggagegacgactgtacgattocgtoccat
cgggatvt&gcag&avaatgafgttgacacaaatsgaccataﬂaigtzcggacggtCté
ttgcgcgagtttgttatitttegaaggacaagatggaagtygtatatggaaccgacaataa
tgttagtttgecatttottagggeggaatctacatgatatettatceccaageggggtatyga
geecagagagatgtgatggtecataaagggtaaattitttagatctgaaataacgcagttyg
cccaaacaacgatcgegatiaaaagaaaaatecggatggttecaatiaggacatgecatygga
ttctgtgcgecataaaccataaccgecageactgttgggecacttecggtaactcaaatygcga
agegttgcacgtetgogataactacgectactatgeacattgttactectgeatettaa
aaatatatcectgtagtaattttcacagecaatgtcataacatcatctegectaaagaatyga
coctgggattggagaagtaatgaatatttgecaaccaatgecattgaataaactaacattaa

acGAATTCAATAGTGGATCCCCCARACTCCGCCCGTTTTATGACTAGAACCAATAGTTTT
TAATGCCARATGCACTGAAATCCCCTAATTTGCARAGCCAAACGCCCCCTATGTGAGTA
ATACGGGGACTTTTTACCCAATTTCCCACGCGGAAAGCCCCCTAATACACTCATATGGC
ATATGAATCAGCACGGTCATGCACTCTAATGGCGGCCCATAGGGACTTTCCACATAGGG
GGCGTTCACCATTTCCCAGCATAGGGGTGGTGACTCAATGGCCTTTACCCAAGTACATT
GGGTCAATGGGAGGTAAGCCAATGGGTTTTTCCCATTACTGGCAAGCACACTGAGTCAA
ATGGGACTTTCCACTGGGTTTTGCCCAAGTACATTGGGTCAATGGGAGGTGAGCCAATG
GGAAAAACCCATTGCTGCCAAGTACACTGACTCAATAGGGACTTTCCAATGGGTTTTTC
CATTGTTGCGCAAGCATATAAGGTCAATGTGGGTGAGTCAATAGGGACTTTCCATTGTAT
TCTGCCCAGTACATAAGGTCAATAGGGGGTGAATCAACAGGAAAGTCCCATTGGAGCCA
AGTACACTGCGTCAATAGGGACTTTCCATTGGGTTTTGCCCAGTACATAAGGTCAATAG
GGGATGAGTCAATGGGAAARAACCCATTGGAGCCAAGTACACTGACTCAATAGGGACTTT
CCATTGGGTTTTGCCCAGTACATAAGGTCAATAGGGGGTGAGTCAACAGGAAAGTTCCA
TTGGAGCCAAGTACATTGAGTCAATAGGGACTTTCCAATGGGTTTTGCCCAGTACATAA
GGTCAATGGGAGGTAAGCCAATGGGTTTTTCCCATTACTGGCACGTATACTGAGTCATT
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Figure 14 (Continucd)

AGGGACTTTCCAATGGGTTTTGCCCAGTACATAAGGTCAATAGGGGTGAATCAACAGGA
AAGTCCCATTGGAGCCAAGTACACTGAGTCRAATAGGGACTTTCCATTGGGTTTTGCCCA
GTACAARAGGTCAATAGGGCGTGAGTCAATGGCGTTTTTCCCATTATTGGCACGTACATA
AGGTCRATAGGGGTGAGTCATTGGGTTTITTCCAGCCAATTTAATTARAACGCCATGTAC
TTTCCCACCATTGACGTCAATGGGCTATTGAAACTAATGCAACGTGACCTTTAAACGGT
ACTTTCCCATAGCTGATTAATGGGAAAGTACCGTTCTCGAGCCAATACACGTCAATGGE
AAGTGAAAGCGGCAGCCAAAACGTAACACCGCCCCGGTTITCCCCTGGAAATTCCATATT
GGCACCCATTCTATTGGCTGAGCTGCGTTCTACCTGCCTATAAGACGCGCCGACCAGCGT
CGGTACCGTCGCAGTCTTCGGTCTGACCACCGTAGAACGCAGAGCTCCTCGCTGCAGge
ggccgcatgggctctaaaccttctaccaggatcccagecacctetgatgetgatcacecg
gattatgctgatattggactgtatccgtcecgacaagectectettgacggecaggectettg
cagctgcaggaattgtagtaacaggagataaggcagtcaatgtatatacctcecgtectcag
acagggtcaatcatagtcaagttgctceccgaatatgeccaaggataaggaggegtgtge
gaaagacccattagaggcatataacagaacactgactactttgetcactectecttggeg
aatccatccgcaagatccaagggtcectgtgtccacgtctggaggaggcaagcaaggeege
ctgataggtgctgttattggtagtgtagectcettggggttgcaacagecggcacaaataac
agcagctgcggccctaatacaagecaaccagaatgectgccaacatectteggettaagg
agagcattgctgecaaccaatgaagetgtgecatgaagtcaccgacggattatcacaacta
tcagtggcagttgggaagatgcagcagtttgtcaatgaccagtttaataatacagegeg
agaattggactgtataaaaatcacacaacaggttggtgtagaactcaacctatacctaa
ctgaattgactacagtattcgggccacagatcacctececectgecattaactcagetgace
atccaggcactttataatttagctggtggcaatatggattacttattaactaagttagg
tatagggaacaatcaactcagctcattaattggcagecggectgatcactggttacccta
tattgtatgactcacagactcaactcttgggcatacaagtgaatttgeceectecagteggg
aacttaaataatatgcgtgccacctatttagagaccttatctgtaagtacageccaaagg
atatgcctcagcacttgttccaaaagtagtgacacaagtcecggttctgtgatagaagage
ttgacacctcatactgtatagagtccgatetggatttatattgtactagaatagtgaca
ttceccatgtececcaggtatttattectgtttaageggecaacacatcagettgeatgta
ttcaaagactgaaggegcactcactacgecegtatatggeecttaaaggetcagttattg
ccaattgtaagataacaacatgtagatgtacagaccctectggtatcatatecgecaaaat
tatggagaagctgtatccctgatagatagacattegtgcaatgtecttatcattagacgg
gataactctgaggctcagtggagaatttgatgcaacttatcaaaagaacatctcaatac
tagattctcaagtcatcgtgacaggcaatcttgatatatcaactgaacttggaaacgtc
aacaattcaatcagcaatgccttggataagttggcaaaaagcaacagcaagctagaaaa
agtcaatgtcagactaaccagcacatccgectcetcattacctatattgttetgactgtea
tttctctagtttteggtgecactaagtectgggtttaacatgttacctgatgtacaaacaa
aaggcacaacaaaagaccttgctatggecttgggaataataccectegatcagatgagage
cactacaagagcatgagcggccgeggggatccagacatgataagatacattgatgagtt
tggacaaaccacaactagaatgcagtgaaaaaaatgetttatttgtgaaatttgtgaty
ctattgetttatttgtaaccattataagetgcaataaacaagttaacaacaacaattge
attgattttatgtttcaggttcagggggaggtgtgggaggttttttcggatectetaga
gtcgacaattattttatttaataacatatagceccaaagacctctatgaacatttagttt

ccecgtatactcaacggegegtgtacacacgeatcectetttgecatagegatgaagtttgtt
b

)
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Figure 14 (Continued)

tggaaacataccccctotatattecatggtataattategtotacagecgtecaggatagt
ggcgtgagaaaatggagatctgcagecctectttecatggeatgeegetttattgttea
ttaaacgcacaatggtcteaacgeccagatatgggecatagattcoctgaagaaccecgttgac
aatccgaagaagaaggegtgecaggtettitggaagactegeacgttggtettataatgta
tgatcgagatgtcaccctaatgeccacatggtacagoettategeggteatggegatoegy
acttgtaatttgcaacgatgggcaaaggatcgacgacatgccagacattctgaaccegt
agagatgttaacgatgacgaggatgaatatcccatgetegetgecatagtatcaagtac
accgcegaataaggacgcegtceccaacategttatatgcacacaatygggctacacgtgacta
acacccccgaatattagtcecatatgtgagtttecagtctggetececatatagectgtagac
tatttgtgotitaagtgtgasacgagygcygctgtyaacgagactecgggccgattgtaagaa
caagcaaatgcactitceccattiaacaagaagtgtagagagaatactcaacctctttgga
tgtatcctocgay
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Figure 14 (Continued)

Partial plasmid pCD046 + NDV Texas F for vHVT113 (SEQ ID
NO:30)

Green and Italic = Flanking Arms
BLUE AND UPPERCASE = mCMV IE
Black and Bold = NDV Texas F
Red and underlined = 3V40 Poly A
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CGAATTCAATAGTGGATCCCCCAACTCCGCCCGTTTTATGACTAGAACCAATAGTTTT
TAATGCCAAATGCACTGAAATCCCCTAATTTGCAAAGCCAAACGCCCCCTATGTGAGTA
ATACGGGGACTTTTTACCCAATTTCCCACGCGGAAAGCCCCCTAATACACTCATATGGC
ATATGAATCAGCACGGTCATGCACTCTAATGGCGGCCCATAGGGACTTTCCACATAGGG
GGCCTTCACCATTTCCCAGCATAGGCCGTGGTGACTCAATGCGCCTTTACCCAAGTACATT
GGGTCAATGGGAGGTAAGCCAATGGGTTTTTCCCATTACTGGCAAGCACACTGAGTCAA
ATGGGACTTTCCACTGGGTTTTGCCCAAGTACATTGGGTCAATGGGAGGTGAGCCAATG
GGAAAAACCCATTGCTGCCAAGTACACTGACTCAATAGGGACTTTCCAATGGGTTTTTC
CATTGTTGGCAAGCATATAAGGTCAATGTGGGTGAGTCAATAGGGACTTTCCATTGTAT
TCTGCCCAGTACATAAGGTCAATAGGGGGTGARATCAACAGGARAGCTCCCATTGGAGCCA
AGTACACTGCGTCAATAGGGACTTTCCATTGGGTTTTGCCCAGTACATAAGGTCAATAG
GGGATGAGTCAATGGGAAAAACCCATTGGAGCCAAGTACACTGACTCAATAGGGACTTT
CCATTGGGTTTTGCCCAGTACATAAGGTCAATAGCGGGTGAGTCAACAGGARAAGTTCCA
TTGGAGCCAAGTACATTGAGTCAATAGGGACTTTCCAATGGGTTTTGCCCAGTACATAA
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Figure 14 (Continued)

GGTCAATGGGAGGTAAGCCAATGGGTTTTTCCCATTACTGGCACGTATACTGAGTCATT
AGGGACTTTCCAATGGGTTTTGCCCAGTACATAAGGTCAATAGGGGTGAATCAACAGGA
AAGTCCCATTGGAGCCAAGTACACTGAGTCAATAGGGACTTTCCATTGGGTTTTGCCCA
GTACAARAGGTCAATAGGGGGTGAGTCAATGGGTTTTTCCCATTATTGGCACGTACATA
AGGTCAATAGGGGTGAGTCATTGGGTTTTTCCAGCCAATTTAATTAAAACGCCATGTAC
TTTCCCACCATTGACGTCAATGGGCTATTGAAACTAATGCAACGTGACCTTTAAACGGT
ACTTTCCCATAGCTGATTAATGGGAAAGTACCGTTCTCGAGCCARATACACGTCAATGGG
AAGTGAAAGGGCAGCCAAAACGTAACACCGCCCCGGTTTTCCCCTGGARATTCCATATT
GGCACGCATTCTATTGGCTGAGCTGCGTTCTACGTGGGTATAAGAGGCGCGACCAGCGET
CGGTACCGTCGCAGTCTTCGGTCTGACCACCGTAGAACGCAGAGCTCCTCGCTGCAGgE
ggccgcatgggetecagatettetaccaggateceggtacetetaatgetgatecateeg
aaccgegetgacactgagetgtatcegtetgacaagetetettgatggecaggectettg
cggctgcagggategtggtaacaggagataaagcagtcaacatatacacctcateecag
acagggtcaatcatagttaagttactccecgaatatgecccaaggacaaagaggtgtgtge
aaaagccccattggaggcatacaacaggacactgactactttactcacceccettggtg
attctatcecgcaggatacaagagtctgtgactacttecggaggaggcaagcaaggecge
ctgataggtgccattatcggcagtgtagctettggggttgegacagetgecacagataac
agcagcttcggcecctgatacaageccaaccagaatgetgecaacatcecctecggettaaag
agagcattgctgcaaccaatgaagctgtgcacgaggtcactgacggattatcacaacta
gcagtggcagtagggaagatgcaacagtttgtcaatgaccagttcaataatacagecgea
agaattggactgtataaaaattgcacagcaggtcggtgtagaactcaacttgtacctaa
ctgaattgactacagtatttgggccacaaatcactteccctgecttaactecagetgact
atccaagecgctttacaatctagetggtggtaatatggattacttgetgactaagttagg
tgtagggaacaaccaactcagctcattaattggtageggecttgatcaceggecaaccecta
ttectgtacgactcacagactcagatettgggtatacaggtaactttgecttcagttggg
aacctgaataatatgcgtgccacctacectggagaccttatetgtaagcacaaccaaggg
atttgcctcagcacttgtecccaaaagtggtgacacaggteggttecgtgatagaagaac
ttgacacctcatactgtatagggaccgacttggatttatactgtacaagaatagtgaca
tteccctatgtetectggtatttattettgtetgageggtaatacateggettgecatgta
ttcaaagactgaaggcgcacttactacgccatatatggetctcaaaggetcagttattg
ccaattgcaagectgacaacatgtagatgtgecagatceccccaggtatcatatcgecaaaat
tatggagaagetgtgtecttaatagataggecactcatgecaacgtettatecttagacgg
gataactctgaggctcagtggggaatttgatgcaacctatcaaaagaatatctcectatac
tagattctcaagttatagtgacaggcaatcttgatatatcaactgagettgggaatgte
aacaactcaataagtaatgccctgaataagttagaggaaagcaacagcaaactagacaa
agtcaatgtcaaactgaccagcacatctgetcetcattacctacategttttaactgtea
tatctettgtttttggtgtacttagectggttctagecatgetacctgatgtacaagcaa
aaggcacaacaaaagaccttgttatggecttgggaataatacccttgatcagatgagagce
cactacaaaaatatgagcggccgcggygatccagacatgataagatacattgatgagtt
tggacaaaccacaactagaatgcagtgaaaaaaatgctttatttgtgaaatttgtgatyg
ctattgctttatttgtaaccattataagctgecaataaacaagttaacaacaacaattge
attgattttatgtttcaggttcagggggaggtgtgggaggttttttcggatcectectaga
gtcgacaattattttatttaataacatatageccaaagacctcetatgaacatttagtit

o e e

cocecgtatactcaacggecgegtgtacacacgecatctetitgecatagegatgaagtttgtt
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Figure 14 (Continued)

cggcagcagaaaatgecagatatc aatctggagaaaacttatcatcacagtggeay
tggaa&cataccccctctatattc gtataattatcgtctacagegteccaggatagt
ggcgtgagaaaatggagatctgeagoecctectttecatggeatgecgetttattgttea
ttaaacgcacaat gqéctc&acg““&gatatgggcatagattctgaagaacccgttgac
aatccgaagaagaaggcegtgcaggtetttggaagactegecacgttggtettataatgta
tgatcgagatgtcacccectaatgeocacatggtacaggettatogoggtecatggegatogy
acttgtaatttgcaacgatgggcaaaggatcgacgacatgecaaacattctgaacocogt
agagatgttaacgatgacgaggatgaatatcccatgetegetgecatagtatecaagtac
accgcegaataaggacgegtccaacategttatatgeacacaatygggctacacgtgacta
acaccceccgaatattagtecatatgtgagttticagtectggeteccatatagectgtagac
tatttgtggtttaagtgtgaacgaggcgctgtgaacgagacteggyccgatigtaagaa
caagcaaatgeactttceocattitaacaagaagtygtagagagaatactcaacctetttgga
tgtatcctcgayg
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Figure 14 (Continued)

Partial plasmid plM119 sequence for vHVT039 (SEQ ID NO:31)

Green and Italic = BamHI fragment I intergenic
Recombination Arms

BLUE AND UPPERCASE = MDV gB PROMOTER

Black and Bold = NDV-F wild type unmodified Texas strain
sequence

Red and Italic and Underlined = SV40 Poly A tail

ggtatgatactcagetgttattgtggceccgaccaggaggactccaatgctta
agaacgctdgaqafjgtafruaacgafdkjcpgthtCtadagaafﬁtgf
ctittaaatgtaaaaccaatgacgcattcactacgetcgtgegtgecaattt
gquduqﬁftﬁifCCdu93canﬁda cgacacttgagaagaggatcetgact
ttgggtctotcctagegatataatitatatgacgatataca
agtacttaggtatttaatcatgtcgat
acgctgcta
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ceotgggattggagaagtaatgaatatttgcaaccaatc

cgaattcCGATGTTTAGTCACGATAGACATCGGTTCGCCCAGCCGTCGAATACAGCAT
TATATTTTAGTGTTGAAAATGTAGGGCTGCTTCCTCACTTAAAGGAGGAAATGGCTCGA
TTCATGTTTCATAGCAGTAGAAARAACAGATTGGACCGTCAGTAAGTTTAGAGGGTTTTA
TGACTTTAGCACTATAGATAATGTAACTGCGGCCCATCGCATGCGCTTGGAAATATATCA
AAGAACTGATTTTTGCAACAGCTTTATTTTCTTCTGTATTTAAATGTGGCGAATTGCAC
ATCTGTCGTGCCGACAGTTTGCAGATCAACAGCAATGCGAGACTATGTATGGAAAAATGG
AATATATATAACATATGARACCGAATATCCACTTATAATGATTCTGGGGTCAGAATCAA
GCACTTCAGAAACGCAAAATATGACTGCAATTATTGATACAGATGTTTTTTCCTTGCTT
TATTCTATTTTGCAGTATATGGCCCCCGTTACGGCAGATCAGGTGCGAGTAGAACAGAT
TACCAACAGCCACGCCCCCATCTGACCCGTCCAATATTCTTGTGTCCCTGCATTTTATC
TCACACAATTTATGAACAGCATCATTAAGATCATCTCACTgcggccgcaagatgggete
cagatcttctaccaggatcceggtacctectaatgetgatcateecgaacecgegetgacac
tgagctgtatcegtetgacaagectectettgatggecaggectecttgeggetgecagggate
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Figure 14 (Continued)

gtggtaacaggagataaagcagtcaacatatacacctcatcccagacagggtcaatcat
agttaagttactcccgaatatgecccaaggacaaagaggtgtgtgecaaaagceccattgg
aggcatacaacaggacactgactactttactcaccececettggtgattetatecgecagg
atacaagagtctgtgactacttceggaggaaggagacagagacgctttataggtgecat
tatcggecagtgtagectettggggttgegacagetgecacagataacagecagetteggeece
tgatacaagccaaccagaatgctgccaacatcctecggettaaagagagcattgetgea
accaatgaagctgtgcacgaggtcactgacggattatcacaactagcagtggcagtagg
gaagatgcaacagtttgtcaatgaccagttcaataatacagcgecaagaattggactgta
taaaaattgcacagcaggtcggtgtagaactcaacttgtacctaactgaattgactaca
gtatttgggccacaaatcacttccecctgecttaactcagetgactateccaagegettta
caatctagectggtggtaatatggattacttgetgactaagttaggtgtagggaacaace
aactcagctcattaattggtageggcttgatcaccggecaaccctattetgtacgactea
cagactcagatcttgggtatacaggtaactttgecttcagttgggaacctgaataatat
gcgtgeccacctacctggagaccttatectgtaagcacaaccaagggatttgectecageac
ttgtcccaaaagtggtgacacaggteggttecgtgatagaagaacttgacacctcatac
tgtatagggaccgacttggatttatactgtacaagaatagtgacattecectatgtectece
tggtatttattcttgtctgageggtaatacatcggettgecatgtattcaaagactgaag
gcgcacttactacgeccatatatggetctcaaaggetcagttattgeccaattgecaagetg
acaacatgtagatgtgcagatccecccaggtatcatategecaaaattatggagaagetgt
gtccttaatagataggcactcatgcaacgtcttatecttagacgggataactetgagge
tcagtggggaatttgatgcaacctatcaaaagaatatctctatactagattctcaagtt
atagtgacaggcaatcttgatatatcaactgagettgggaatgtcaacaactcaataag
taatgcecctgaataagttagaggaaagcaacagcaaactagacaaagtcaatgtcaaac
tgaccagcacatctgectctecattacctacategttttaactgtecatatetettgttttt
ggtgtacttagcectggttctagcatgectacctgatgtacaagcaaaaggcacaacaaaa
gaccttgttatggcttgggaataatacccttgatcagatgagagccactacaaaaatat
gagcggecgcyggggatcecagacatgataagatacattgatgagtttggacaaaccacaa
ctagaatgcagtgaaaaaaatgctittatttgtgaaatttgtgatgctattgectttatctt
gtaaccattataagctgcaataaacaagttaacaacaacaattgecattcattittatgtt
tcaggttcagggggaggtgtgggaggttttttecggatectctagagtcgacaattattt
atttaataacatatagcccaaagacctetatgaacatttagtttccecgtatactcaac
ggcgoegtgtacacacgeatetetttgeatagegatgaagtttgttoggcagcagaaaat
geagatatccaacaatetggagaaaacttateatecacagtggcagtggaaacatacceo
ctotatattecatggtataatta afwhafaq<quwaggafagL*grquaagacaaiﬁ
gagatct JuagCCCtCth,uu~ tte
gtctcaacgccagatatgggecatagattc ‘gaaqa cecegttgacaatccgaagaagaa
ggcgtgcaggtetttggaagactogecacgtiggtcottataatgtatgatcegagatgtca
cecectaatgecacatggtacaggettategeggtecatyggega tgqaagstataahtquQ

J W&
o+ 0

tcattaaacgcacaatyg

‘L [y L&g
S o S ”T‘
U o] \Q

acgatgggcaaaggatcgacgacatgcecaaacattctgaacccecgtagagatgttaacga
tgacgaggatgaatatceccatgctogetgoecatagtatcaagt dCaQCjugdduadgg4
cgegtecaacategttatatgecacacaatgggctacacgtgactaacaccceegaatat

aatcafafaagaﬁ ttcagtctggctoceccatatagectgtagactatttgtggtttaa
tgtgaacgagycgcty gaac gagactcgggccgattgtaagaacaagcaaatgcact
tccattca caagaagtgtagagagaatactcaacctettitggatgtatecoctegay
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Figure 14 (Continued)

Partial plasmid SORF3-US2 gpVar-Ewtsyn sequence (for vHVT202) (SEQ
ID NO:39)

Green and Italic = Flanking Arms

BLUE AND UPPERCASE = GPCMV

Black and Bold = Varient E wt

Red and Italic and Underlined = Syn Poly A

aaaatgggatctatcattacatt

CQ taag @t:t@ga aattttactgtttgcoccage
cgatcttggaac g?dgtdfggat ct

e

a

tgecettacttggaategtgaaaattitgaaacy
cccat af(ccwccwfuqt accgcetcggatacae
cgcgcecaatcggggaccaacaacgegtgggteo
tctgaatatttattgecgetegttacgagtcg
afafgfgfaafaaafitcff'+ ctgaaggatcgetgecacatttgatectatac
SCa gg@@gttvddqtct@dg g g@atg@fgﬁgdﬂdgad raacttiatggea
atgtaatcgtecocggcagecctgggogagtictatattecgeatattgggatggt
aatagcagatctegcaacctccagggaggctataataacgtittttaaaggata
cctecataaaaatectgtegraaatitacactgagaatateoctttactagegeocgatt
geatcgtegtceccaattttctaaatggaaagaaaacaaggegggcaa

~ttcattttcggcgaatctctecaaatecccatggegtgecaattga
cttcecegttecacgtttgtatectccaaactctaagacacttttaatt
tagtgtggaaagaaacctataggcagaccatagaactatttgaca
tatgtcaaactgaccatgatcgtatgttgcectgaatgcactagggc aattvgct
ctccatacattgaataattccacacgtcagetcatcggttagecaaggtocay
aaqtc tttatttttececgeggetgygecaaatctacetectgggaatatecaa
tatgatcgcaccggetetgate atq@“qazoqa“ctta“ﬁg ataaagac
gcaggtat c~quaqa?aafa%t%ft%faffcarz@arap‘w
agWaccatqtdtgjgctatcaat?qacatttngtdQCQCEacatc cht atvwaca
acataatgggacaacatatgectgecaggTTAGTCATATCTTACTTGGCAGAGGCCGCAT
GGAAAGTCCCTGGACGTGGGACATCTGATTAATACGTGAGGAGGTCAGCCATGTTCTTT
TTGGCAAAGGACTACGGTCATTGGACGTTTGATTGGCATGGGATAGGGTCAGCCAGAGT
TAACAGTGTTCTTTTGGCRAAGGGATACGTGGAAAGTCCCGGGCCATTTACAGTAAACT
GATACGGGGACAAAGCACAGCCATATTTAGTCATGTATTGCTTGGCAGAGGGTCTATGE
AAAGTCCCTGGACGTGGGACGTCTGATTAATATGARAGAAGGTCAGCCAGAGGTAGCTG
TGTCCTTTTTGGCAAAGGGATACGGTTATGGGACGTTTGATTGGACTGGGATAGGGTCA
GCCAGAGTTAACAGTGTTCTTTTGGCAAAGGAAACGTGGARAGTCCCGGGCCATTTACA
GTAAACTGATACTGGGACAARAGTACACCCATATTTAGTCATGTTCTTTTTGGCAAAGAG
CATCTGGRAAAGTCCCGGGCAGCATTATAGTCACTTGGCAGAGGGARAGGGTCACTCAGA
GTTAAGTACATCTTTCCAGGGCCAATATTCCAGTAAATTACACTTAGTTTTATGCAAAT
CAGCCACAAAGGGGATTTTCCCGGTCAATTATGACTTTTTCCTTAGTCATGCGGTATCC
AATTACTGCCAAATTGGCAGTACATACTAGGTGATTCACTGACATTTGGCCGTCCTCTG
GAAAGTCCCTGGAAACCGCTCAAGTACTGTATCATCGCTCACTTTGCATTTTTGCGACAGT
ACGCCCCACTCCACCATTGGTCCACGTACCCTATGGGGGAGTGGTTTATGAGTATATAA
GGGGCTCCGGTTTAGAAGCCGGGCAGAgecggeccygcatgacaaacectgecaagatcaaace
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Figure 14 (Continued)

caacagattgttcegttecatacggagecttetgatgecaacaaccggaceggegtecat
tccggacgacaccctggagaagcacactctcaggtcagagacctegacctacaatttga
ctgtgggggacacagggtcagggctaattgtctttttececctggattcecetggetecaatt
gtgggtgectcactacacactgecagagcaatgggaactacaagttecgatcagatgeteet
gactgcccagaacctaccggccagctacaactactgecaggectagtgagtecggagtctcea
cagtaaggtcaagcacactecectggtggegtttatgecactaaacggecaccataaacgece
gtgaccttccaaggaagcctgagtgaactgacagatgttagectacaacgggttgatgte
tgcaacagccaacatcaacgacaaaattgggaacgtcctagtaggggaaggggtaaceg
tecectecagettacecacatcatatgatettgggtatgtgaggettggtgaceecatacece
gctatagggcttgacccaaaaatggtagcaacatgtgacagcagtgacaggcccagagt
ctacaccataactgcagccgataattaccaattctcatcacagtaccaaacaggtgggg
taacaatcacactgttctcagccaacattgatgeccatcacaagtectcagegttggggga
gagctcgtgttcaaaacaagecgtccaaagecttgtactgggecgecaccatctaccttat
aggetttgatgggactgeggtaatcaccagagetgtggecgecaaacaatgggetgacgg
ccggcatcgacaatcttatgecattcaatcttgtgattccaaccaatgagataacccag
ccaatcacatccatcaaactggagatagtgacctccaaaagtgatggtcaggcagggga
acagatgtcatggteggecaagtgggagectagcagtgacgatceccatggtggeaactate
caggagccctcecegteeccgtcacactagtggectacgaaagagtggcaacaggatctgte
gttacggtcgectggggtgagcaacttcgagetgatcccaaatectgaactagcaaagaa
cctggttacagaatatggccgatttgacccaggageccatgaactacacgaaattgatac
tgagtgagagggaccgccttggcatcaagaccgtectggeccaacaagggagtacactgac
tttegtgagtacttcatggaggtggecgacetecaacteteccetgaagattgecaggage
atttggcttcaaagacataatccgggccataaggaggtgagcggccgcgatatcaataa
aatatctttattttecattacatectgtgtgttggtttittgtgtgaatcgatagtactaa
catacgctctccatcaaaacaaaacgaaacaaaacaaactagcaaaataggctgtcccece

agtgcaagtgcaggtgccagaacatttctcttctagacctgcaggcccggggcaagtag
atgcaatttcctcacactagttgggtitatcectactattgaatiticeectatetgtgat
afacttqg@aaathtacadgaabaLLgcaa*“aagfﬂg”*k ttatctactgtcttaa
cgcccatgggaacggaggocgtogtogteatgtattggacggcaacataggcageaacac
aaattgcgtttaggtggggtgcatgtggactoga fgccdaGCC?ctgcagctggggaac
giCiggﬁngUdgiaddfddiugﬂdfd acgcacgecatattactgtegttygaagtacy
cecttatettetatgtttteaaatttaggtteccaagtggacgtgagaagtgtttgtate
tcacatggaa CQGCqudGQC§€C”CdQCCudq tgectggtactttaatggecaaacaa
acgttttggtagaggtattgatictattgeagtitctgecagatatctgeagecoccgagta
tccacaggctatacgatacgttatecggaggcectecgattoctageattacatagecggtce
agtagatcctgeccattoggtagegraaccggetacatctibcaaacagtctcacaalaaa
tgecatctotogttectgecaatocggaaccgggcataccactecegectgeogatttaa
ttctecacaattgggegatgeocggcggggcaaaacgaatgtggattigocaaaccgacac
aggtctygctgtacggactaatatgggcacaccecacatcattettecagatgetceecatgea
ttgtteotatgagaaagatceccatagggtggaggeagegtecacgagatocgeeccaggecaato
gatcgcattcgtctagtaaagtgacgagagttatcatgcacacacccatgeccacgect
tocogaataactggagetgtggaagateggaaacgtettttgactgoecggtetegtact
actttegecacaggtotatacccggacgegtactatatattttatatcateccaacgteco
gaaattacatacgtggocggecgatggaagtagatgttgagteticgaaagtaagtgccto
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Figure 14 (Continued)

gaatatgggtattgtctgtgaaaatatcgaaageggtacgacggtigecagaaccgtoga
Pt s e = ) - =z - — 4 = e )
tgtcgecagatactagtaacaatagettegataacgaagacttcecgtygggectygaatac
gatgtggagata
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Figure 14 (Continued)
Partial plasmid SBI1US2 gpVIldwtsyn sequence (for vSB1-010) (SEQ ID NO:40)

Green and Italic = Flanking Arms

BLUE AND UPPERCASE = GPCMV

Black and Bold = NDV-F VIId wt

Red and Italic and Underlined = Syn Poly A

tctegtetaaaacgeteccagtgetitacagticgataatctggacctyggggacgegtat
aggatcgttectecacatgegetgetgteggtatctegaatocececyggtattecagtigaa
tegttggeggagtgtecctectggactoetgecaatgttecectagecgtecttecactatetey
tgcaaggctctataatacagttcoctctgecagaccogtecgttgetetteccttctgegte
gttagttatttctgtaggctecagacgattigectgeatttgtgegeaacataatoctga
ttgcattcecccoctatctegtottoocggtaatccecataggtgttcggtattcygcagatagygt
agagaaagcaccactgcaaatcegtgeaattteocattgooccaaccaatattttttttaa
gaacggcatcgeecgttaatgtacctogggeattgtgacgategaaacecttatggatge
ctaaagagagcattgegygtceccagticteccaggtygaaaagagaatageygcgggtagaaac
gggceccgattagttttatettegecegegtecctaatatecccaagtictygecagtataactt
ccategtecegttttcgacaaggtecgygcgegacatagtttgasaatgtecatctatcagaa
acatctegecccatecgtagaaaaaaacctgtacgeagaccataaaaccattcggtaccac
atatccttgtEtatatcaa&cgatatgttggttatbtcgttggcgg:tgfigt&tgaaa
tagagctaagcegtictectggattcoccacgecactgaacgattcocgttagtcaattcatocty
ctaacataggeocaaaagtttattcegtgttacttttcteggeggtttggcaaaacgeooce
cttggcacatccatgtecattaaatacacgcggecataactecctacteatgtygttecatage
ccaggtttetgticggtetgcetactacgatcagatcagtggegecgatcagatgcgtggy
atgaatgaagtgtatccgaaagcagttttgagatatacgctaaactgtacgacgattgt
ggcactaaacgaagctttygcgecgacceccatecccacgecctgecaggTTAGTCATATGTT

ACTTGGCAGAGGCCGCATGGAAAGTCCCTGGACGTGGGACATCTGATTAATACGTGAGG
AGGTCAGCCATGTTCTTTTTGGCAAAGGACTACGGTCATTGGACGTTTGATTGGCATGG
GATAGGGTCAGCCAGAGTTAACAGTGTTCTTTTGGCAAAGGGATACGTGGAAAGTCCCG
GGCCATTTACAGTAAACTGATACGGGGACAAAGCACAGCCATATTTAGTCATGTATTGC
TTGGCAGAGGGTCTATGGAAAGTCCCTGGACGTGCGACGTCTGATTAATATGAAAGAAG
GTCAGCCAGAGGTAGCTGTGTCCTTTTTGGCAAAGGGATACGGTTATGGGACGTTTGAT
TGGACTGGGATAGGGTCAGCCAGAGTTAACAGTGTTCTTTTGGCAAAGGAAACGTGGAA
AGTCCCGGGCCATTTACAGTAAACTGATACTGGGACAAAGTACACCCATATTTAGTCAT
GITCITTTTGGCAAAGAGCATCTGGARAAGTCCCGGGCAGCATTATAGTCACTTGGCAGA
GGGAAAGGGTCACTCAGAGTTAAGTACATCTTTCCAGGGCCAATATTCCAGTAAATTAC
ACTTAGTTTTATGCAAATCAGCCACARAGGGGATTTTCCCGGTCAATTATGACTTTTTC
CTTAGTCATGCGGTATCCAATTACTGCCAAATTGGCAGTACATACTAGGTGATTCACTG
ACATTTGGCCGTCCTCTGGAAAGTCCCTGGAAACCGCTCAAGTACTGTATCATGGTGAC
TTTGCATTTTTGGAGAGCACGCCCCACTCCACCATTGGTCCACGTACCCTATGGGGGAG
TGGTTTATGAGTATATAAGCGGCTCCGGTTTAGAAGCCGGGCAGAgeggecgcatggge
tccaaaccttctaccaggatcccagcacctetgatgetgatcacceggattatgetgat
attgggctgtatccgtcecgacaagctetecttgacggcaggectettgecagetgecaggaa
ttgtagtaacaggagataaggcagtcaatgtatacacttegtctcagacagggtcaate
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Figure 14 (Continued)

atagtcaagttgctceccgaatatgecccagggataaggaggegtgtgcaaaagecccatt
agaggcatataacagaacactgactactttgetecactectettggegactecatecgea
agatccaagggtctgtgtccacatctggaggaggcaagcaaggccgectgataggtget
gttattggecagtgtagetettggggttgecaacageggeacagataacagecagetgegge
cctaatacaagccaaccagaatgccgccaacatcctceggettaaggagagcattgetg
caaccaatgaagctgtgecatgaagtcaccgacggattatcacaactatcagtggeagtt
gggaagatgcagcagtttgtcaatgaccagtttaataatacggcgcgagaattggactg
tataaaaatcacacaacaggttggtgtagaactcaacctatacctaactgaattgacta
cagtattcgggccacagatcaccteccetgecattaactcagetgaccatecaggecactt
tataatttagectggtggcaatatggattacttattaactaagttaggtatagggaacaa
tcaactcagctcgttaattggtageggectgatcactggttaccctatactgtatgact
cacagactcaactcttgggcatacaagtgaatttaccctcagtegggaacttaaataat
atgcgtgccacctatttggagaccttatctgtaagtacaaccaaaggatatgecctecage
acttgtcccgaaagtagtgacacaagtcggttcegtgatagaagagettgacacctecat
actgtatagagtccgatctggatttatattgtactagaatagtgacattccccatgtee
ccaggtatttattcctgtttgagcggcaacacatcagecttgecatgtattcaaagactga
aggcgcactcactacgccgtatatggcccttaaaggetcagttattgeccaattgtaaaa
taacaacatgtagatgtacagaccctecctggtatcatatcgcaaaattatggagaaget
gtatccctgatagatagacattegtgecaatgtettatcattagacgggataactctaag
gctcagtggggaatttgatgcaacttatcaaaagaacatctcaatactagattctcaag
tcatcgtgacaggcaatcttgatatatcaactgaacttggaaacgtcaacaattcaatce
agcaatgccttggataggttggcagaaagcaacagcaagctagaaaaagtcaatgtcag
actaaccagcacatctgctctcattacctatattgttctaactgtcatttctectagttt
tcggtgcacttagtctggtgttagegtgttacctgatgtacaaacagaaggcacaacaa
aagaccttgetatggettgggaataataccectegatcagatgagagecactacaagage
atgagcggccgcecgatatcaataaaatatetttattiteattacatctgtgtgttggttt
tttgtgtgaatcgatagtactaacatacgcetcectceccatcaaaacaaaacgaaacaaaaca
aactagcaaaataggctgtccccagtgecaagtgecaggtgceccagaacatttctcttetag
acctgcaggogaaucra*a:aagvtf&&faaﬂfctcahaa tcattcocggaagttataac
tgcocgoocttegoacatttotttttgtoctgttttgtattgeccataacagataggaattyg
aaacctgatoctecctgtittttgecageatggocagecaacagaatacttigteggatoga
ctacttgegecgagatggttoogttcttggaggtttocggcgggtogggtggagaacctat
tattttatacacacacgtcataccegttgtegegaaaatgttetttgtettetgecgtcet
cgaacgteoggttooccacgtagacgttaggagegttggaatggtatcaggaagagocecac
ggcatgccggaccaagtacccegctactitgaccgegageagtetetteggtaatgggat
gtattcocagagcagogoggcagagatcagoggeooccactatecacagactgtatgaayg
tgttttcetgaaacatcggactccaacatcaaatatccagacataacatettgecattcy
gaagcacatcegecgacatcettcaaatagectaactataaacgagtetetagttectge

{

(

jSi)
Q

faacLcagba“crcaaﬂtgccagtcccatccggtgggttcgtcctgataavcaq ctet
gacgccogaggaagaactaaaagygggtetggaaaagoggaacagatoctgcagaccgaacy
actacagacacgcccacatcatcatgtatctgttoccatgecattgetitatgagaaaaat
ccataaggccgaggeggecatctotagatectecceggggagtetectogecactecatctagga
gagtgacgacagttatcatagacacgcccatttgtgcaccaaacgaaaagtticcectgtac
tggtggagcegteggcgoggygaatecggtocgtgetetygaaaccagtgtetagacagaaga
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Figure 14 (Continued)

ccatcecggtaaattcectggtgtatgaactgacggtotoccagacgaacgtogaagacatta
acgatggaaactaacgagetticttcaaaagtgtctgattacaacgctaatagacctta
cgaaactatacgcragcgataccagtgacacagatcecgltoggtgtocy
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RECOMBINANT HVT VECTORS
EXPRESSING ANTIGENS OF AVIAN
PATHOGENS AND USES THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. provisional appli-
cation 61/564,877 filed on Nov. 30, 2011 and U.S. provisional
application 61/694,957 filed on Aug. 30, 2012.

FIELD OF THE INVENTION

The invention relates to recombinant viral vectors for the
insertion and expression of foreign genes for use as safe
immunization vehicles to protect against a variety of patho-
gens. It also relates to multivalent composition or vaccine
comprising one or more recombinant viral vectors for protec-
tion against a variety of pathogens. The present invention
relates to methods of making and using the recombinant viral
vectors.

BACKGROUND OF THE INVENTION

Poultry vaccination is widely used to protect poultry flocks
against devastating diseases including Newcastle disease
(ND), infectious bursal disease (IBD), Marek’s disease
(MD), infectious bronchitis (IB), infectious laryngotracheitis
(ILT) and avian influenza (AI). ND is caused by the avian
paramyxovirus 1 (APMV-1)also designated ND virus (NDV)
belonging to the Paramyxoviridae family. MD is caused by
Gallid herpesvirus 2 (Herpesviridae family) also designated
as MD virus serotype 1 (MDV1). IB is caused by IB virus
(IBV) belonging to the Coronaviridae family, ILT is caused
by Gallid herpesvirus 1 (Herpesviridae family) also desig-
nated ILT virus (ILTV) and Al is caused by Al virus (AIV)
belonging to the Orthomyxoviridae family.

A number of recombinant avian viral vectors have been
proposed with a view to vaccinating birds against these avian
pathogens. The viral vectors used comprise avipox viruses,
especially fowlpox (EP-A-0,517,292), Marek’s virus, such as
serotypes 2 and 3 (HVT) (WO-A-87/04463), or alternatively
the ITLV, NDV and avian adenovirus. When some of these
recombinant avian viral vectors were used for vaccination,
they display variable levels of protection.

Several recombinant herpesvirus of turkeys (HVT, also
designated Meleagrid herpesvirus 1 or MDV serotype 3) vec-
tors expressing antigens from various pathogens (U.S. Pat.
Nos. 5,980,906, 5,853,733, 6,183,753, 5,187,087) including
IBDV, NDV, ILTV and AIV have been developed and
licensed. Of particular interest is a HVT vector-expressing
IBDV VP2 protective gene that has shown clear advantages
over classical IBD vaccines (Bublot et al J. Comp. Path. 2007,
Vol. 137, S81-S84; U.S. Pat. No. 5,980,906). Other HVT
vectors of interest are those expressing either NDV (Morgan
et al 1992, Avian dis. 36, 858-70; U.S. Pat. No. 6,866,852;
U.S. Pat. No. 5,650,153) or ILTV (Johnson et al, 2010 Avian
Dis 54, 1251-1259; U.S. Pat. No. 6,299,882; U.S. Pat. No.
5,853,733) protective gene(s). One of the practical problems
of'using several HVT-based recombinant vaccines together is
their interference. Lower protection is induced at least against
one of the disease when two HVT recombinants expressing
different antigens are mixed (Rudolf Heine 2011; Issues of
the Poultry Recombinant Viral Vector Vaccines which May
Cause an Effect on the Economic Benefits of those Vaccines;
paper presented at the XVII World Veterinary Poultry Asso-
ciation (WVPA) Congress in Cancun, Mexico, Aug. 14-18,
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2
2011; Slacum G, Hein R. and Lynch P., 2009, The compat-
ibility of HVT recombinants with other Marek’s disease vac-
cines, 58” Western Poultry Disease Conference, Sacramento,
Calif., USA, March 23"-25%, p 84).

The combination of HVT and SB-1, a Gallid herpesvirus 3
(MDV serotype 2 or MDV-2) vaccine strain, has shown a
synergistic effect on MD protection (Witter and Lee, 1984,
Avian Pathology 13, 75-92). To address the interference prob-
lem, it is of interest to evaluate the HVT virus as a vaccine
vector to express one or more protective antigen(s) against a
variety of avian pathogens.

The SB-1 genome was cloned and characterized in bacte-
rial artificial chromosome (BAC) (Petherbridge, et al., J.
Virol. Methods 158, 11-17, 2009; Singh et al., Research in
Veterinary Science 89, 140-145, 2010). The MDV2 SB-1
sequence was recently obtained and analyzed (Spatz and
Schat, Virus Gene 42, 331-338, 2011). A glycoprotein E
deletion of SB-1 virus was described by Petherbridge, et al.
(J. Virol. Methods 158, 11-17, 2009). However, no research
has been reported using SB-1 as a viral vector expressing
foreign protective genes.

Considering the potential eftect of animal pathogens, such
as NDV and IBDV on veterinary public health and the
economy, efficient methods of preventing infection and pro-
tecting animals are needed. There is a need for a solution of
combined effective vector vaccines and a suitable method for
making the vaccine that could alleviate the problem of inter-
ference observed between two HVT-based vector vaccines.

SUMMARY OF THE INVENTION

The present invention showed surprising result when poly-
valent compositions or vaccines comprising single or double
HVT vector were effective to protect animals against a variety
of avian pathogens without interference. Surprising results
were also observed when various combinations of promoters,
codon-optimized gene, polyA tails and insertion sites con-
ferred different levels of efficacy and stability to the expres-
sion of one or more heterologous genes in vivo.

The present invention relates to a recombinant HV'T vector
comprising one or more heterologous polynucleotides coding
for and expressing at least one antigen of an avian pathogen.

The present invention provides a composition or vaccine
comprising one or more recombinant HVT vectors compris-
ing one or more heterologous polynucleotides coding for and
expressing at least one antigen of an avian pathogen.

The present invention provides a polyvalent composition
or vaccine comprising one or more recombinant HVT vectors
comprising heterologous polynucleotides coding for and
expressing at least one antigen of an avian pathogen and one
or more recombinant SB1 vectors comprising heterologous
polynucleotides coding for and expressing at least one anti-
gen of an avian pathogen.

The present invention relates to a method of vaccinating an
animal, or inducing an immunogenic or protective response
in an animal, comprising at least one administration of the
composition or vector of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description, given by way of
example, and which is not intended to limit the invention to
specific embodiments described, may be understood in con-
junction with the accompanying figures, incorporated herein
by reference, in which:

FIG. 1 is a table showing the SEQ ID NO assigned to each
DNA and protein sequence.
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FIG. 2 depicts the genome structure of HVT and its inser-
tion sites.

FIG. 3 depicts the plasmid map of pHM103.

FIG. 4 depicts the PCR analysis results of vHVT114.

FIG. 5 shows the dual immunofluorescent assay results.
FIG. 5A1 and FIG. 5A2 are from the pre-MSV passage. FIG.
5B1 and FIG. 5B2 are from the pre-MSV+12 passage.

FIG. 6 depicts the Southern blot results of vVHVT114.

FIG. 7 depicts the immunoprecipitation and Western blot
analysis results of vHVT114.

FIG. 8 depicts the Western blot analysis of immunoprecipi-
tated sample from vHVT306 infected cells.

FIG. 9 depicts the Western blot analysis of immunoprecipi-
tated sample from vSB1-009 infected cells.

FIG. 10 depicts the result of challenge study of vHVT304
and vHVT114 against NDV ZJ1 and CA02.

FIG. 11 depicts the viral shedding result after NDV CA02
and ZJ1 challenge. FIG. 11A depicts the vial shedding result
after CA/02 challenge. FIG. 11B depicts the vial shedding
result after ZJ1 challenge.

FIG. 12A and FIG. 12B depict the viral shedding result
after NDV Chimalhuacan challenge.

FIG. 13 shows the sequence alignment and percentage
identity.

FIG. 14 shows the DNA and protein sequences.

DETAILED DESCRIPTION OF THE INVENTION

It is noted that in this disclosure and particularly in the
claims, terms such as “comprises”, “comprised”, “compris-
ing” and the like can have the meaning attributed to it in U.S.
Patent law; e.g., they can mean “includes”, “included”,
“including”, and the like; and that terms such as “consisting
essentially of” and “consists essentially of”” have the meaning
ascribed to them in U.S. patent law, e.g., they allow for ele-
ments not explicitly recited, but exclude elements that are
found in the prior art or that affect a basic or novel character-
istic of the invention.

Unless otherwise noted, technical terms are used according
to conventional usage. Definitions of common terms in
molecular biology may be found in Benjamin Lewin, Genes
V. published by Oxford University Press, 1994 (ISBN 0-19-
854287-9); Kendrew et al. (eds.), The Encyclopedia of
Molecular Biology, published by Blackwell Science Ltd.,
1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.),
Molecular Biology and Biotechnology: a Comprehensive
Desk Reference, published by VCH Publishers, Inc., 1995
(ISBN 1-56081-569-8).

The singular terms “a,” “an,” and “the” include plural ref-
erents unless context clearly indicates otherwise. Similarly,
the word “or” is intended to include “and” unless the context
clearly indicate otherwise. The word “or” means any one
member of a particular list and also includes any combination
of members of that list.

The term “animal” is used herein to include all mammals,
birds and fish. The animal as used herein may be selected
from the group consisting of equine (e.g., horse), canine (e.g.,
dogs, wolves, foxes, coyotes, jackals), feline (e.g., lions,
tigers, domestic cats, wild cats, other big cats, and other
felines including cheetahs and lynx), bovine (e.g., cattle),
swine (e.g., pig), ovine (e.g., sheep, goats, lamas, bisons),
avian (e.g., chicken, duck, goose, turkey, quail, pheasant,
parrot, finches, hawk, crow, ostrich, emu and cassowary),
primate (e.g., prosimian, tarsier, monkey, gibbon, ape),
humans, and fish. The term “animal” also includes an indi-
vidual animal in all stages of development, including embry-
onic and fetal stages.
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4

The terms “polypeptide” and “protein” are used inter-
changeably herein to refer to a polymer of consecutive amino
acid residues.

The term “nucleic acid”, “nucleotide™, and “polynucle-
otide” are used interchangeably and refer to RNA, DNA,
cDNA, or cRNA and derivatives thereof, such as those con-
taining modified backbones. It should be appreciated that the
invention provides polynucleotides comprising sequences
complementary to those described herein. The “polynucle-
otide” contemplated in the present invention includes both the
forward strand (5' to 3') and reverse complementary strand (3'
to 5"). Polynucleotides according to the invention can be
prepared in different ways (e.g. by chemical synthesis, by
gene cloning etc.) and can take various forms (e.g. linear or
branched, single or double stranded, or a hybrid thereof,
primers, probes etc.).

The term “genomic DNA” or “genome” is used inter-
changeably and refers to the heritable genetic information of
a host organism. The genomic DNA comprises the DNA of
the nucleus (also referred to as chromosomal DNA) but also
the DNA of the plastids (e.g., chloroplasts) and other cellular
organelles (e.g., mitochondria). The genomic DNA or
genome contemplated in the present invention also refers to
the RNA of a virus. The RNA may be a positive strand or a
negative strand RNA. The term “genomic DNA” contem-
plated in the present invention includes the genomic DNA
containing sequences complementary to those described
herein. The term “genomic DNA” also refers to messenger
RNA (mRNA), complementary DNA (cDNA), and comple-
mentary RNA (cRNA).

The term “gene” is used broadly to refer to any segment of
polynucleotide associated with a biological function. Thus,
genes or polynucleotides include introns and exons as in
genomic sequence, or just the coding sequences as in cDNAs,
such as an open reading frame (ORF), starting from the start
codon (methionine codon) and ending with a termination
signal (stop codon). Genes and polynucleotides can also
include regions that regulate their expression, such as tran-
scription initiation, translation and transcription termination.
Thus, also included are promoters and ribosome binding
regions (in general these regulatory elements lie approxi-
mately between 60 and 250 nucleotides upstream of the start
codon of the coding sequence or gene; Doree S M et al.;
Pandher K et al.; Chung JY et al.), transcription terminators
(in general the terminator is located within approximately 50
nucleotides downstream of the stop codon of the coding
sequence or gene; Ward C K et al.). Gene or polynucleotide
also refers to a nucleic acid fragment that expresses mRNA or
functional RNA, or encodes a specific protein, and which
includes regulatory sequences.

The term “heterologous DNA” as used herein refers to the
DNA derived from a different organism, such as a different
cell type or a different species from the recipient. The term
also refers a DNA or fragment thereof on the same genome of
the host DNA wherein the heterologous DNA is inserted into
a region of the genome which is different from its original
location.

Asused herein, the term “antigen” or “immunogen” means
a substance that induces a specific immune response in a host
animal. The antigen may comprise a whole organism, killed,
attenuated or live; a subunit or portion of an organism; a
recombinant vector containing an insert with immunogenic
properties; a piece or fragment of DNA capable of inducing
an immune response upon presentation to a host animal; a
polypeptide, an epitope, a hapten, or any combination
thereof. Alternately, the immunogen or antigen may comprise
a toxin or antitoxin.
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The term “immunogenic protein or peptide” as used herein
includes polypeptides that are immunologically active in the
sense that once administered to the host, it is able to evoke an
immune response of the humoral and/or cellular type directed
against the protein. Preferably the protein fragment is such
that it has substantially the same immunological activity as
the total protein. Thus, a protein fragment according to the
invention comprises or consists essentially of or consists of at
least one epitope or antigenic determinant. An “immuno-
genic” protein or polypeptide, as used herein, includes the
full-length sequence of the protein, analogs thereof, or immu-
nogenic fragments thereof. By “immunogenic fragment” is
meant a fragment of a protein which includes one or more
epitopes and thus elicits the immunological response
described above. Such fragments can be identified using any
number of epitope mapping techniques, well known in the art.
For example, linear epitopes may be determined by e.g.,
concurrently synthesizing large numbers of peptides on solid
supports, the peptides corresponding to portions of the pro-
tein molecule, and reacting the peptides with antibodies while
the peptides are still attached to the supports. Similarly, con-
formational epitopes are readily identified by determining
spatial conformation of amino acids such as by, e.g., x-ray
crystallography and 2-dimensional nuclear magnetic reso-
nance.

The term “immunogenic protein or peptide” further con-
templates deletions, additions and substitutions to the
sequence, so long as the polypeptide functions to produce an
immunological response as defined herein. The term “conser-
vative variation” denotes the replacement of an amino acid
residue by another biologically similar residue, or the
replacement of a nucleotide in a nucleic acid sequence such
that the encoded amino acid residue does not change or is
another biologically similar residue. In this regard, particu-
larly preferred substitutions will generally be conservative in
nature, i.e., those substitutions that take place within a family
of amino acids. For example, amino acids are generally
divided into four families: (1) acidic—aspartate and
glutamate; (2) basic—lysine, arginine, histidine; (3) non-
polar—alanine, valine, leucine, isoleucine, proline, phenyla-
lanine, methionine, tryptophan; and (4) uncharged polar—
glycine, asparagine, glutamine, cysteine, serine, threonine,
tyrosine. Phenylalanine, tryptophan, and tyrosine are some-
times classified as aromatic amino acids. Examples of con-
servative variations include the substitution of one hydropho-
bic residue such as isoleucine, valine, leucine or methionine
for another hydrophobic residue, or the substitution of one
polar residue for another polar residue, such as the substitu-
tion of arginine for lysine, glutamic acid for aspartic acid, or
glutamine for asparagine, and the like; or a similar conserva-
tive replacement of an amino acid with a structurally related
amino acid that will not have a major effect on the biological
activity. Proteins having substantially the same amino acid
sequence as the reference molecule but possessing minor
amino acid substitutions that do not substantially affect the
immunogenicity of the protein are, therefore, within the defi-
nition of the reference polypeptide. All of the polypeptides
produced by these modifications are included herein. The
term “conservative variation” also includes the use of a sub-
stituted amino acid in place of an unsubstituted parent amino
acid provided that antibodies raised to the substituted
polypeptide also immunoreact with the unsubstituted
polypeptide.

The term “epitope” refers to the site on an antigen or hapten
to which specific B cells and/or T cells respond. The term is
also used interchangeably with “antigenic determinant” or
“antigenic determinant site”. Antibodies that recognize the
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same epitope can be identified in a simple immunoassay
showing the ability of one antibody to block the binding of
another antibody to a target antigen.

An “immunological response” to a composition or vaccine
is the development in the host of a cellular and/or antibody-
mediated immune response to a composition or vaccine of
interest. Usually, an “immunological response” includes but
is not limited to one or more of the following effects: the
production of antibodies, B cells, helper T cells, and/or cyto-
toxic T cells, directed specifically to an antigen or antigens
included in the composition or vaccine of interest. Preferably,
the host will display either a therapeutic or protective immu-
nological response such that resistance to new infection will
be enhanced and/or the clinical severity of the disease
reduced. Such protection will be demonstrated by either a
reduction or lack of symptoms normally displayed by an
infected host, a quicker recovery time and/or a lowered viral
titer in the infected host.

The terms “recombinant” and “genetically modified” are
used interchangeably and refer to any modification, alteration
or engineering of a polynucleotide or protein in its native
form or structure, or any modification, alteration or engineer-
ing of a polynucleotide or protein in its native environment or
surrounding. The modification, alteration or engineering of a
polynucleotide or protein may include, but is not limited to,
deletion of one or more nucleotides or amino acids, deletion
of'an entire gene, codon-optimization of a gene, conservative
substitution of amino acids, insertion of one or more heter-
ologous polynucleotides.

The term “double HV'T construct” or “double HVT vector”
refers to an HVT viral vector comprising two heterologous
polynucleotides.

The terms “polyvalent vaccine or composition”, “combi-
nation or combo vaccine or composition” and “multivalent
vaccine or composition” are used interchangeably to refer to
a composition or vaccine containing more than one compo-
sition or vaccines. The polyvalent vaccine or composition
may contain two, three, four or more compositions or vac-
cines. The polyvalent vaccine or composition may comprise
recombinant viral vectors, active or attenuated or killed wild-
type viruses, or a mixture of recombinant viral vectors and
wild-type viruses in active or attenuated or killed forms.

One embodiment of the invention provides a recombinant
HVT viral vector comprising one or more heterologous poly-
nucleotides coding for and expressing at least one antigen or
polypeptide of an avian pathogen. The HVT strains used for
the recombinant viral vector may be any HVT strains, includ-
ing, but not limited to, the HVT strain FC126 (Igarashi T. et
al., J. Gen. Virol. 70, 1789-1804, 1989).

Another embodiment of the invention provides a recombi-
nant SB-1 viral vector comprising one or more heterologous
polynucleotides coding for and expressing at least one anti-
gen or polypeptide of an avian pathogen. The SB-1 strains
may be any SB-1 strains, including, but not limited to, the
commercial Marek’s Disease Vaccine (SB-1 vaccine) (Merial
Select Inc., Gainesville, Ga. 30503, USA), the SB-1 strain
having the genome sequence as defined by GenBank Acces-
sion Number HQ840738.1.

The genes coding for antigen or polypeptide may be those
coding for Newcastle Disease Virus fusion protein (NDV-F),
Newcastle Disease Virus hemagglutinin neuraminidase
(NDV-HN), Marek’s Disease Virus glycoprotein C (gC),
Marek’s Disease Virus glycoprotein B (gB), Marek’s Disease
Virus glycoprotein E (gE), Marek’s Disease Virus glycopro-
tein I (gl), Marek’s Disease Virus glycoprotein H (gH) or
Marek’s Disease Virus glycoprotein L (gL.), Infectious Bursal
Disease Virus (IBDV) VP2, IBDV VPX, IBDV VP3, IBDV
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VP4,ILTV glycoprotein B, ILTV glycoprotein [, ILTV UL32,
ILTV glycoprotein D, ILTV glycoprotein E, ILTV glycopro-
tein C, influenza hemaglutinin (HA), influenza neuramini-
dase (NA), protective genes derived from Mycoplasma gal-
lisepticum (MG), or Mycoplasma synoviae (MS), or
combinations thereof. The antigen or polypeptide may be any
antigen from the poultry pathogen selected form the group
consisting of avian encephalomyelitis virus, avian reovirus,
avian paramyxovirus, avian metapneumovirus, avian influ-
enza virus, avian adenovirus, fowl pox virus, avian coronavi-
rus, avian rotavirus, chick anemia virus, avian astrovirus,
avian parvovirus, coccidiosis (Eimeria sp.), Campylobacter
sp., Salmonella sp., Pasteurella sp., Avibacterium sp., Myco-
plasma gallisepticum, Mycoplasma synoviae, Clostridium
sp., and E. coli.

Moreover, homologs of aforementioned antigen or poly-
nucleotides are intended to be within the scope of the present
invention. As used herein, the term “homologs” includes
orthologs, analogs and paralogs. The term “analogs” refers to
two polynucleotides or polypeptides that have the same or
similar function, but that have evolved separately in unrelated
organisms. The term “orthologs™ refers to two polynucle-
otides or polypeptides from different species, but that have
evolved from a common ancestral gene by speciation. Nor-
mally, orthologs encode polypeptides having the same or
similar functions. The term “paralogs” refers to two poly-
nucleotides or polypeptides that are related by duplication
within a genome. Paralogs usually have different functions,
but these functions may be related. Analogs, orthologs, and
paralogs of a wild-type polypeptide can differ from the wild-
type polypeptide by post-translational modifications, by
amino acid sequence differences, or by both. In particular,
homologs of the invention will generally exhibit at least
80-85%, 85-90%, 90-95%, or 95%, 96%, 97%, 98%, 99%
sequence identity, with all or part of the polynucleotide or
polypeptide sequences of antigens described above, and will
exhibit a similar function.

In one embodiment, the present invention provides a
recombinant HVT or SB-1 viral vector comprising one or
more heterologous polynucleotides coding for and express-
ing the NDV-F antigen or polypeptide. In one aspect of the
embodiment, the NDV-F antigen or polypeptide has at least
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
sequence identity to a polypeptide having the sequence as set
forth in SEQ ID NO:2, 4, 6, 33, 35, or 37, or a conservative
variant, an allelic variant, a homolog or an immunogenic
fragment comprising at least eight or at least ten consecutive
amino acids of one of these polypeptides, or a combination of
these polypeptides. In another aspect of the embodiment, the
heterologous polynucleotide encoding an NDV-F antigen or
polypeptide having at least 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98% or 99% sequence identity to a polypeptide
having the sequence as set forth in SEQ ID NO:2, 4, 6,33, 35,
or 37. In yet another aspect of the embodiment, the heterolo-
gous polynucleotide has at least 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98% or 99% sequence identity to a poly-
nucleotide having the sequence as set forth in SEQ ID NO:1,
3,5,32,34, or 36.

Variants include allelic variants. The term “allelic variant™
refers to a polynucleotide or a polypeptide containing poly-
morphisms that lead to changes in the amino acid sequences
of a protein and that exist within a natural population (e.g., a
virus species or variety). Such natural allelic variations can
typically result in 1-5% variance in a polynucleotide or a
polypeptide. Allelic variants can be identified by sequencing
the nucleic acid sequence of interest in a number of different
species, which can be readily carried out by using hybridiza-
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tion probes to identify the same gene genetic locus in those
species. Any and all such nucleic acid variations and resulting
amino acid polymorphisms or variations that are the result of
natural allelic variation and that do not alter the functional
activity of gene of interest, are intended to be within the scope
of the invention.

The term “identity” with respect to sequences can refer to,
for example, the number of positions with identical nucle-
otides or amino acids divided by the number of nucleotides or
amino acids in the shorter of the two sequences wherein
alignment of the two sequences can be determined in accor-
dance with the Wilbur and Lipman algorithm (Wilbur and
Lipman). The sequence identity or sequence similarity of two
amino acid sequences, or the sequence identity between two
nucleotide sequences can be determined using Vector NTI
software package (Invitrogen, 1600 Faraday Ave., Carlsbad,
Calif.). When RNA sequences are said to be similar, or have
a degree of sequence identity or homology with DNA
sequences, thymidine (T) in the DNA sequence is considered
equal to uracil (U) in the RNA sequence. Thus, RNA
sequences are within the scope of the invention and can be
derived from DNA sequences, by thymidine (T) in the DNA
sequence being considered equal to uracil (U) in RNA
sequences.

The polynucleotides of the disclosure include sequences
that are degenerate as a result of the genetic code, e.g., opti-
mized codon usage for a specific host. As used herein, “opti-
mized” refers to a polynucleotide that is genetically engi-
neered to increase its expression in a given species. To
provide optimized polynucleotides coding for NDV-F
polypeptides, the DNA sequence of the NDV-F protein gene
can be modified to 1) comprise codons preferred by highly
expressed genes in a particular species; 2) comprise an A+T
or G+C content in nucleotide base composition to that sub-
stantially found in said species; 3) form an initiation sequence
of said species; or 4) eliminate sequences that cause destabi-
lization, inappropriate polyadenylation, degradation and ter-
mination of RNA, or that form secondary structure hairpins or
RNA splice sites. Increased expression of NDV F protein in
said species can be achieved by utilizing the distribution
frequency of codon usage in eukaryotes and prokaryotes, or
in a particular species. The term “frequency of preferred
codon usage” refers to the preference exhibited by a specific
host cell in usage of nucleotide codons to specify a given
amino acid. There are 20 natural amino acids, most of which
are specified by more than one codon. Therefore, all degen-
erate nucleotide sequences are included in the disclosure as
long as the amino acid sequence of the NDV-F polypeptide
encoded by the nucleotide sequence is functionally
unchanged.

Successful expression of the heterologous polynucleotides
by the recombinant/modified infectious virus requires two
conditions. First, the heterologous polynucleotides must be
inserted or introduced into a region of the genome of the virus
in order that the modified virus remains viable. The second
condition for expression of inserted heterologous polynucle-
otides is the presence of a regulatory sequences allowing
expression of the gene in the viral background (for instance:
promoter, enhancer, donor and acceptor splicing sites and
intron, Kozak translation initiation consensus sequence,
polyadenylation signals, untranslated sequence elements).

The insertion site may be any non-essential region of the
HVT genome, including, but not limited to, the region
between the ATG of ORF ULS5S5 and the junction of UL with
the adjacent repeat region (U.S. Pat. No. 5,980,906), the IG1
locus, the IG2 locus, the 1G3 locus, the UL43 locus, the US10
locus, the SORF3/US2 locus (see FIG. 2)
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In general, it is advantageous to employ a strong promoter
functional in eukaryotic cells. The promoters include, but are
not limited to, an immediate early cytomegalovirus (CMV)
promoter, guinea pig CMV promoter, an SV40 promoter,
Pseudorabies Virus promoters such as that of glycoprotein X
promoter, Herpes Simplex Virus-1 such as the alpha 4 pro-
moter, Marek’s Disease Viruses (including MDV-1, MDV-2
and HVT) promoters such as those driving glycoproteins gC,
gB, gE, or gl expression, Infectious Laryngotracheitis Virus
promoters such as those of glycoprotein gB, gE, gl, gD genes,
or other herpesvirus promoters.

One embodiment of the invention provides a recombinant
HVT vector comprising a heterologous polynucleotide cod-
ing for and expressing the NDV-F antigen or polypeptide. In
one aspect of the embodiment, the polynucleotide encoding
the NDV-F polypeptide is operably linked to the SV40 pro-
moter having the sequence as set forth in SEQ ID NO:9 and
therefore the expression of the NDV-F antigen or polypeptide
is regulated by the SV40 promoter. In another aspect of the
embodiment, the expression of NDV-F antigen or polypep-
tide is regulated by the SV40 polyA signal having the
sequence as set forth in SEQ ID NO:11. In yet another aspect
of the embodiment, the polynucleotide encoding the NDV-F
polypeptide is operably linked to the MDV gB promoter
having the sequence as set forth in SEQ ID NO:38 and there-
fore the expression of the NDV-F antigen or polypeptide is
regulated by the MDV gB promoter.

Another embodiment of the invention provides a recombi-
nant double HVT vector comprising a first heterologous poly-
nucleotide coding for and expressing the NDV-F antigen or
polypeptide and a second polynucleotide coding for and
expressing the IBDV VP2 antigen or polypeptide. In one
aspect of the embodiment, the NDV-F antigen or polypeptide
has at least 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98% or 99% sequence identity to a polypeptide having the
sequence as set forth in SEQ ID NO:2, 4, 6,33, 35, or37. In
another aspect of the embodiment, the IBDV VP2 antigen or
polypeptide has at least 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98% or 99% sequence identity to a polypeptide
having the sequence as set forth in SEQ ID NO:8 or 42. In
another aspect, the polynucleotide encoding the NDV-F
polypeptide is operably linked to the SV40 promoter having
the sequence as set forth in SEQ ID NO:9 and the expression
of NDV-F antigen or polypeptide is regulated by the SV40
promoter. In yet another aspect, the expression of NDV-F
antigen or polypeptide is regulated by the SV40 polyA signal
having the sequence as set forth in SEQ ID NO:11, or the
synthetic polyA signal having the sequence as set forth in
SEQ ID NO:12. In another aspect, the expression of IBDV
VP2 antigen or polypeptide is regulated by the CMV-IE pro-
moter having the sequence as set forth in SEQ ID NO:10 and
the SV40 polyA signal having the sequence as set forth in
SEQ ID NO:11.

Yet another embodiment of the invention provides a
recombinant double HVT vector comprising two polynucle-
otides coding for and expressing the IBDV VP2 antigens or
polypeptides. In one aspect of the embodiment, the IBDV
VP2 antigen or polypeptide has at least 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98% or 99% sequence identity to a
polypeptide having the sequence as set forth in SEQ ID NO:8
or42. In one aspect, the polynucleotide encoding a first IBDV
VP2 antigen or polypeptide is operably linked to the CMV-IE
promoter having the sequence as set forth in SEQ ID NO:10,
and the polynucleotide encoding a second IBDV VP2 antigen
or polypeptide is operably linked to the guinea pig CMV
promoter having the sequence as set forth in SEQ ID NO:43.
In another aspect, the expression of a first IBDV VP2 antigen
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or polypeptide is regulated by the CMV-IE promoter having
the sequence as set forth in SEQ ID NO:10 and the SV40
polyA signal having the sequence as set forth in SEQ ID
NO:11, and the expression of a second IBDV VP2 antigen or
polypeptide is regulated by the guinea pig CMV promoter
having the sequence as set forth in SEQ ID NO:43 and the
synthetic polyA signal having the sequence as set forth in
SEQ ID NO:12. In yet another aspect of the embodiment, the
polynucleotides encoding the IBDV VP2 antigen or polypep-
tide may be inserted in one or more locus regions selected
from the group consisting of 1G1, 1G2, US10, SORF3-US2
and gD of HVT genome. In one embodiment, the present
invention relates to a pharmaceutical composition or vaccine
comprising one or more recombinant HVT or SB-1 rival
vectors of the present invention and a pharmaceutically or
veterinarily acceptable carrier, excipient, vehicle or adjuvant.

In another embodiment, the present invention provides a
composition or vaccine comprising an HV'T viral vector com-
prising a polynucleotide encoding an NDV-F antigen, an
SV40 promoter, and optionally a pharmaceutically or veteri-
narily acceptable carrier, excipient, vehicle or adjuvant. In
another embodiment, the present invention provides a phar-
maceutical composition or vaccine comprising a first HVT
vector comprising a polynucleotide encoding an NDV-F anti-
gen, a second HVT vector comprising a polynucleotide
encoding an IBDV VP2 antigen, and optionally a pharmaceu-
tically or veterinarily acceptable carrier, excipient, vehicle or
adjuvant. In another embodiment, the present invention pro-
vides a pharmaceutical composition or vaccine comprising an
HVT vector comprising a polynucleotide encoding an NDV-F
antigen, an SB-1 vector comprising a polynucleotide encod-
ing an NDV-F antigen, optionally a pharmaceutically or vet-
erinarily acceptable carrier, excipient, vehicle or adjuvant.
The pharmaceutical composition or vaccine of the present
invention may comprise a first HVT vector comprising a
polynucleotide encoding an NDV-F antigen, a second HVT
vector comprising a polynucleotide encoding an IBDV VP2
antigen, an SB-1 vector comprising a polynucleotide encod-
ing an NDV-F antigen, optionally a pharmaceutically or vet-
erinarily acceptable carrier, excipient, vehicle or adjuvant.

In yet another embodiment, the present invention provides
a composition or vaccine comprising a double HVT viral
vector comprising: 1) a first heterologous polynucleotide cod-
ing for and expressing an NDV-F antigen or polypeptide; ii) a
second polynucleotide coding for and expressing an IBDV
VP2 antigen or polypeptide; and iii) optionally a pharmaceu-
tically or veterinarily acceptable carrier, excipient, vehicle or
adjuvant. In another embodiment, the present invention pro-
vides a composition or vaccine comprising a double HVT
viral vector comprising two polynucleotides coding for and
expressing the IBDV VP2 antigens or polypeptides, and
optionally a pharmaceutically or veterinarily acceptable car-
rier, excipient, vehicle or adjuvant. In yet another embodi-
ment, the composition comprising the double HVT viral vec-
tor further comprises an HVT vector comprising a
polynucleotide encoding an IBDV VP2 antigen, or an SB-1
vector comprising a polynucleotide encoding an NDV-F anti-
gen, or a combination thereof. The pharmaceutically or vet-
erinarily acceptable carriers or adjuvant or vehicles or excipi-
ents are well known to the one skilled in the art. For example,
a pharmaceutically or veterinarily acceptable carrier or adju-
vant or vehicle or excipient can be Marek’s disease vaccine
diluent used for MD vaccines. Other pharmaceutically or
veterinarily acceptable carrier or adjuvant or vehicle or
excipients that can be used for methods of this invention
include, but are not limited to, 0.9% NaCl (e.g., saline) solu-
tion or a phosphate buffer, poly-(L-glutamate) or polyvi-
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nylpyrrolidone. The pharmaceutically or veterinarily accept-
able carrier or vehicle or excipients may be any compound or
combination of compounds facilitating the administration of
the vector (or protein expressed from an inventive vector in
vitro), or facilitating transfection or infection and/or improve
preservation of the vector (or protein). Doses and dose vol-
umes are herein discussed in the general description and can
also be determined by the skilled artisan from this disclosure
read in conjunction with the knowledge in the art, without any
undue experimentation.

Optionally other compounds may be added as pharmaceu-
tically or veterinarily acceptable carriers or adjuvant or
vehicles or excipients, including, but not limited to, alum;
CpG oligonucleotides (ODN), in particular ODN 2006, 2007,
2059, or 2135 (Pontarollo R. A. et al., Vet. Immunol. Immu-
nopath, 2002, 84: 43-59; Wernette C. M. et al., Vet. Immunol.
Immunopath, 2002, 84: 223-236; Mutwiri G. et al., Ver.
Immunol. Immunopath, 2003, 91: 89-103); polyA-polyU,
dimethyldioctadecylammonium bromide (DDA) (“Vaccine
Design The Subunit and Adjuvant Approach”, edited by
Michael F. Powell and Mark J. Newman, Pharmaceutical
Biotechnology, 6: p. 03, p. 157); N,N-dioctadecyl-N',N'-bis
(2-hydroxyethyl) propanediamine (such as AVRIDINE®)
(Ibid, p. 148); carbomer, chitosan (see U.S. Pat. No. 5,980,
912 for example).

The pharmaceutical compositions and vaccines according
to the invention may comprise or consist essentially of one or
more adjuvants. Suitable adjuvants for use in the practice of
the present invention are (1) polymers of acrylic or meth-
acrylic acid, maleic anhydride and alkenyl derivative poly-
mers, (2) immunostimulating sequences (ISS), such as oli-
godeoxyribonucleotide sequences having one or more non-
methylated CpG units (Klinman et al., 1996; W098/16247),
(3) an oil in water emulsion, such as the SPT emulsion
described on p 147 of “Vaccine Design, The Subunit and
Adjuvant Approach” published by M. Powell, M. Newman,
Plenum Press 1995, and the emulsion MF59 described on p
183 of the same work, (4) cation lipids containing a quater-
nary ammonium salt, e.g., DDA (5) cytokines, (6) aluminum
hydroxide or aluminum phosphate, (7) saponin or (8) other
adjuvants discussed in any document cited and incorporated
by reference into the instant application, or (9) any combina-
tions or mixtures thereof.

Another aspect of the invention relates to a method for
inducing an immunological response in an animal against one
or more antigens or a protective response in an animal against
one or more avian pathogens, which method comprises
inoculating the animal at least once with the vaccine or phar-
maceutical composition of the present invention. Yet another
aspect of the invention relates to a method for inducing an
immunological response in an animal to one or more antigens
or a protective response in an animal against one or more
avian pathogens in a prime-boost administration regimen,
which is comprised of at least one primary administration and
at least one booster administration using at least one common
polypeptide, antigen, epitope or immunogen. The immuno-
logical composition or vaccine used in primary administra-
tion may be same, may be different in nature from those used
as a booster.

The avian pathogens may be Newcastle Disease Virus
(NDV), Infectious Bursal Disease Virus (i.e., IBDV or Gum-
boro Disease virus), Marek’s Disease Virus (MDV), Infec-
tious Laryngotracheitis Virus (ILTV), avian encephalomyeli-
tis virus, avian reovirus, avian paramyxovirus, avian
metapneumovirus, avian influenza virus, avian adenovirus,
fowl pox virus, avian coronavirus, avian rotavirus, avian par-
vovirus, avian astrovirus and chick anemia virus coccidiosis
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(Eimeria sp.), Campylobacter sp., Salmonella sp., Myco-
plasma gallisepticum, Mycoplasma synoviae, Pasteurella sp.,
Avibacterium sp., E. coli or Clostridium sp.

Usually, one administration of the vaccine is performed
either at one day-of-age by the subcutaneous or intramuscular
route or in ovo in 17-19 day-old embryo. A second adminis-
tration can be done within the first 10 days of age. The animals
are preferably at least 17 day-embryo or one day old at the
time of the first administration.

A variety of administration routes in day-old chicks may be
used such as subcutaneously or intramuscularly, intrader-
mally, transdermally. The in ovo vaccination can be per-
formed in the amniotic sac and/or the embryo. Commercially
available in ovo and SC administration devices can be used
for vaccination.

The invention will now be further described by way of the
following non-limiting examples.

EXAMPLES

Construction of DNA inserts, plasmids and recombinant
viral vectors was carried out using the standard molecular
biology techniques described by J. Sambrook et al. (Molecu-
lar Cloning: A Laboratory Manual, 2nd Edition, Cold Spring
Harbor Laboratory, Cold Spring Harbor, N.Y., 1989).

Example 1

Construction of Recombinant vHVT114 Expressing
NDV-F

Preparation of Donor Plasmid pHM103+Fopt

The plasmid pHM103 (Merial Limited) containing the
Intergenic I arms of HVT FC126 (see FIG. 2), SV40 promoter
and SV40 poly A was digested with Notl, dephosphorylated,
and the 5.6 kb fragment was gel extracted. A NotI flanked 1.7
kb fragment of a chemically synthesized codon-optimized
genotype VIId NDV-F gene (SEQ ID NO:1, coding for SEQ
1D NO:2) was also Notl digested and the 1.7 kb fragment was
gel extracted. The 5.6 and 1.7 kb fragments were ligated to
create pHM103+Fopt (FIG. 3).

Generation of Recombinant HV'T Viral Vector

An in vitro recombination (IVR) was performed by co-
electroporation of secondary chicken embryo fibroblast cells
(2° CEF cells) using pHM103+Fopt as the donor plasmid and
viral DNA isolated from the HVT strain FC126. Co-elec-
troporation was performed using 1x107 2° CEF in 300 ul
Opti-MEM and shocked at 150 volts with 950 capacitance in
a 2 mm electroporation cuvette. The transfected cells were
seeded into 96-well plate and incubated for 5 days. The cells
grown in the 96-well plate were then duplicated into two
96-well plates. One set of 96-well plates was used for IFA
using chicken polyclonal sera against NDV-F to identify posi-
tive wells containing recombinants and another set of 96-well
plates was used for recovering the infected cells from the
positive wells.

The recombinant viral purification was performed first by
96-well plate duplication and IFA selection for the wells
containing the most IFA positive plaques with the least
amount of IFA negative plaques. Wells matching those crite-
ria were then harvested and adjusted to 1 ml in DMEM+2%
FBS. From the 1 ml stock, 5-20 ul were removed and mixed
with 1x10” CEFs in 10 ml DMEM+2% FBS and aliquoted
onto a new 96-well plate to have single HVT plaques per well.
The supernatant of the wells that contained single plaques
were tested for the absence of parental virus by PCR. After
five rounds of plaque purification, a recombinant virus des-
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ignated as vVHVT114 was isolated and the purity was tested by
IFA and PCR to confirm NDV-F expression and the absence
of parental virus.
PCR Analysis of Recombinant vHVT114

DNA was extracted from vHVT114 by phenol/chloroform
extraction, ethanol precipitated, and was resuspended in 20
mM HEPES. PCR primers (shown in Table 1) were designed
to specifically identify the presence of the codon optimized
NDV-FE, the SV40 promoter, as well as, the purity of the
recombinant virus from FC126 CL2 parental virus. PCR was
performed using 200 ng of DNA template along with the
specified primers pairs indicted in Table 1. PCR cycling con-
ditions are as follows: 94° C. for 2 mins; 30 cycles of 94° C.
for 30 secs, 55° C. for 30 secs, 68° C. for 3 mins; 68° C. for 5
mins. The expected PCR products are shown in Table 2. The
PCR results are shown in F1G. 4. As shown in FIG. 4, the sizes
of PCR products after gel electrophoresis correspond well
with the expected sizes and the banding patterns.

TABLE 1

SEQ
primer ID NO Sequence 5'-3'
MB080O 13 CGA ACA AAC TTC ATC GCT ATG C
MB0O81 14 TAA CTC AAA TGC GAA GCG TTG C
OptF 15 ACT GAC AAC ACC CTA CAT GGC
V1loptF RP 16 GCC AGC ACC AGG CTC AGG G
SV40promoterF 17 AGC TTG GCT GTG GAA TGT

TABLE 2

Expected size (bp)
Primer pairs FC126 CL21 vHVT114
MBO081 + VIIoptF.RP — 2138
SV40promoterF + MB080 — 2368
OptFprimer + MB0O80 — 872
MBO080 + MBO081 323 2578

Expression Analysis of Recombinant vHVT114
Immunofluorescence testing was performed using the
vHVT114 which was passaged over ten times beyond an
experimental pre-master seed (pre-MSV). The pre-MSV and
pre-MSV+12 materials were diluted 1:100 in media. Fifty
microliters of the diluted virus was added to 10 ml of
DMEM+2% FBS with 1x10” CEFs and then aliquoted onto a
96 well plate (100 ul/well). The plates were incubated for 3
days at 37° C.+5% CO, until viral plaques were visible. The
plates were fixed with 95% ice-cold acetone for three minutes
and washed three times with PBS. Chicken anti-sera against
Newcastle Disease Virus (lot#C0139, Charles Rivers Labo-
ratory) at 1:1000 were added along with monoclonal antibody
L-78 (Merial Limited) at 1:3000 and the plates were incu-
bated at 37° C. for 1 hour. After the 1 hour incubation the
plates were washed three times with PBS and FITC anti-
chicken (cat# F8888, Sigma) was added along with Alexz
Fluor 568 donkey anti-mouse (IgG) (cat# A 10037, Molecular
Probe) at 1:500. Again the plates were incubated at 37° C. for
1 hour. After the 1 hour incubation the cells were rinsed three
times with PBS. A small amount of PBS was added to prevent
the monolayer from drying and causing auto fluorescence.
The cells were then visualized with a fluorescent microscope
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using both the tetramethylrhodamine isothiocyanate
(TRITC) and fluorescein isothiocyanate (FITC) filters in
combination.

The vHVT114 viral plaques were visualized using both the
TRITC and FITC filters for the dual staining. The FITC test
showed the NDV-F expression and the TRITC test showed the
HVT expression. Because of the small wells of the 96 well
plates, each well was recorded with the plaques first counted
with the TRITC filter and then recounted with the FITC filter.
Over 500 plaques were counted for the pre-MSV and pre-
MSV+12 passage. All the plaques were positive for both the
FITC and TRITC on both plates. (FIG. 5)

Southern Blot Analysis of Recombinant vHVT114

Total genomic DNA was extracted from HVT FC126 and
vHVT114 according to the standard genomic DNA extraction
protocol. For each restriction digest, 3 ng of genomic DNA (1
ng for the donor plasmid) was used with a total digestion
volume of 20 pl for each sample. The genomic DNA of HVT
FC126 (negative control), pHM103+Fopt donor plasmid, and
vHVT114 were each digested overnight at 37° C. with
BamHI, Pstl, Sphl, and Ncol restriction endonucleases. The
restriction fragments of HVT FC126 (negative control),
pHM103+Fopt donor plasmid, and vHVT114 genomic DNA
were separated by a 1% agarose gel and transferred to a
positively charged Nylon membrane. Following the
North2South Chemiluminescent Hybridization and Detec-
tion Kit (Thermo Scientific) manufacturers’ instructions, the
membrane was pre-hybridized for 1 hr and then hybridized
with a biotinylated NDV-F probe overnight at 55° C. Follow-
ing the overnight hybridization, several stringency washes
were performed until the membrane was placed in blocking
buffer with the addition of Streptavidin-HRP. After rinsing
the membrane of any unbound Streptavidin-HRP the sub-
strate solution of Luminal and peroxide were added. The
membrane was then exposed to X-ray film and developed.
Areas where the biotinylated probe bound to the DNA were
chemiluminescent and were captured by the X -ray film. Table
3 shows the expected Southern blot bands using the NDV-F
probe. The Southern blot results showed the digestion pat-

terns as expected (FIG. 6).
TABLE 3
NDV-F Probe
Restriction Donor plasmid FC126
Endonuclease pHM103 + Fopt vHVT114 CL2
BamHI 7.014 6.630 —
0.198 1.259
0.198
Pstl 5481 6.359 —
0.947 0.947
0.784 0.784
Sphl 4.763 2.377 —
2.377 2.119
0.072 0.072
Ncol 4.931 3.753 —
2.157 2.157
0.124 0.124

Sequence Analysis of the Inserted Region in Recombinant
vHVT114

Analysis of vHVT114 genomic DNA region was per-
formed by PCR amplification. Total of 10 primers were used
to amplify the entire cassette, as well as, beyond the flanking
BamHI-I arms used in the donor plasmid. The 4.727 kb PCR
product was gel purified and the entire fragment was
sequenced using the sequencing primers. The sequence result
confirmed that the vHVT114 contains the correct SV40 pro-
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moter, the codon-optimized NDV-F and the SV40 polyA
sequences that match exactly the sequence described for the
donor plasmid pHM103+Fopt in SEQ ID NO:18.
Western Blot Analysis of Recombinant vHVT114

Approximately 2x10° chicken fibroblast cells were
infected at ~0.1 MOI with vHVT114 Pre-MSV. After two
days of incubation at 37° C., infected as well as uninfected
cells were harvested using a cell scraper after removing the
media and rinsing with PBS. The cells were harvested with 1
ml of PBS and centrifuged. The cell pellets were lysed by
following the Pierce Classic IP Kit (cat#26146, Thermo Sci-
entific). 100 pl of the anti-NDV-F monoclonal antibody
001C3 (Merial Limited) was used to form the immune com-
plex. The antibody/lysate sample was added to Protein A/G
Plus Agarose to capture the immune complex. The immune
complex was washed three times to remove non-bound mate-
rial and then eluted in 50 ul volume using sample buffer
elution under non-reducing condition. After boiling for 5
minutes, 10 pl of the samples were loaded into a 10% Acry-
lamide gel (Invitrogen). The PAGE gel was run in MOPS
buffer (Invitrogen) at 200 volts for 1 hour. Then the gel was
transferred onto a PVDF membrane.

The Protein Detector Western Blot Kit TMB System (KPL,
cat#54-11-50) was used for blotting the PVDF membrane by
using the reagents and following manufacturer’s directions.
After blocking the membrane for 1 hour at room temperature,
the membrane was then rinsed three times in 1x Wash Buffer,
five minutes each and then soaked in blocking buffer contain-
ing 1:1000 dilution of chicken serum raised against NDV
virus (Lot # C0139, Charles River Laboratories). After wash-
ing three times in a washing buffer, the membrane was incu-
bated with a peroxidase labeled goat anti-chicken IgG (KPL,
cat#14-24-06) at a dilution of 1:2000 for 1 hour at room
temperature. The membrane was then rinsed three times in 1x
Wash Buffer, five minutes each. 5 ml of TMB membrane
peroxidase substrate was added to the membrane and gently
rocked for about 1 minute. The developing reaction was
stopped by placing the membrane into water.

The immunoprecipitation and Western blot technique
detected an approximately 55 kD protein in vHVT114 sample
that corresponds to the expected size of F1 component of the
NDV-F protein (FIG. 7).

Example 2

Construction of Recombinant vHVT110, vHVTI111,
vHVT112,vHVT113 and vHVT116 Expressing
NDV-F

Generation and characterization of HVT recombinants
vHVT110, vHVT111, vHVT112, vHVT113, and vHVTI116
was essentially done in the same way as for vHVT114
described in example 1. Table 4 shows the features unique to
each construct around the expression cassettes, including the
respective sequences.

TABLE 4

Characteristics of the expression cassettes
of single HVT recombinants

Parental
Name virus Promoter F gene Poly-A Locus
vHVTO039 HVT MDV gB  Wtnm-Texas SV40 1G1
vHVT110 HVT mCMV IE Wt-VIId SV40 1G1
vHVTI11 HVT SV40 Wt-VIId SV40 1G1
vHVT112 HVT MCMV IE WtYZCQ  SV40 1G1
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TABLE 4-continued

Characteristics of the expression cassettes
of single HVT recombinants

Parental
Name virus Promoter F gene Poly-A Locus
vHVTI13 HVT MCMV IE Wt-Texas SV40 1G1
vHVT114 HVT SV40 Opt-VIId SV40 1G1
vHVT116 HVT SV40 Opt-Ca02 SV40 1G1
vHVT110

The plasmid pCD046 (Merial proprietary material) con-
taining the Intergenic I arms of HVT FC126, mouse CMV
promoter and SV40 poly A was digested with Notl, dephos-
phorylated, and a 6.6 kb fragment was gel extracted. A Notl
flanked 1.7 kb fragment of a chemically synthesized NDV-F
gene containing wild-type F sequence (SEQ ID NO:3, coding
for SEQ ID NO:4) was also Notl digested and the 1.7 kb
fragment was gel extracted. The 6.6 and 1.7 kb fragments
were ligated to create a donor plasmid pCD046+NDV-F wt
(SEQ ID NO:21 for vHVT110) used in transfection to gen-
erate recombinant vHVT110. Sequencing of the insert region
confirmed that vHVT110 contains the correct sequences of
mCMYV promoter, the wildtype NDV-F gene and the SV40
polyA. The sequence also exactly matches the sequence
described for the donor plasmid pCD046+NDV-F wt in SEQ
ID NO:21.
vHVTI111

The plasmid pHM103 plasmid (Merial proprietary mate-
rial) containing the Intergenic [ arms of HVT FC126, SV40
promoter and SV40 polyA was digested with Notl, dephos-
phorylated, and the 5.6 kb fragment was gel extracted. A Notl
flanked 1.7 kb fragment of a chemically synthesized NDV-F
gene containing wildtype F sequence (SEQ ID NO:3, coding
for SEQ ID NO:4) was also Notl digested and a 1.7 kb
fragment was gel extracted. The 5.6 and 1.7 kb fragments
were ligated to create a donor plasmid (SEQ ID NO:22 for
vHVT1110) used in transfection to generate recombinant
vHVT111. Sequencing of the insert region confirmed that
vHVT111 contains the correct sequences of SV40 promoter,
the wildtype NDV-F gene and the SV40 polyA as shown in
the sequence of the donor plasmid pHM103+NDV-F wt (SEQ
1D NO:22).
vHVT112

A fragment encompassing the synthetic NDV-F YZCQ
wild type gene (SEQ ID NO:34 encoding SEQ ID NO:35)
was excised from pUCS57 NDV-F YZCQ plasmid (synthe-
sized by GeneScript) using Notl and inserted into the same
site of pCDO046 plasmid containing mCMV promoter and
SV40 polyA tail. Ligated material was transformed using
Topl0 Oneshot kit (cat#C404002, Invitrogen). Bacterial
colonies were grown in LBamp broth, plasmid extracted by
using Qiagens MiniSpin Prep kit, and screened for insert
orientation. The correct donor plasmid was designated
pCDO0464+4NDV-F VII YZCQ. Large scale cultures were
grown and plasmid extraction was done by using Qiagens
Maxi Prep kit. Transient expression of the maxi preps was
verified using Fugene Transfection Reagent in Chicken
Embryo Fibroblast Cells (CEF’s) and chicken polyclonal sera
against NDV.

Plasmid pCD046+NDV-F VIIYZCQ (SEQ ID NO:29) was
used in transfection to generate recombinant vHVT112.
Sequencing of the insert region confirmed that vHVT112
contains the correct sequences of mCMV promoter, the wild-
type NDV-F YZCQ gene and the SV40 polyA. The sequence
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also exactly matches the sequence described for the donor
plasmid pCD046+NDV-F VII YZCQ in SEQ ID NO:29.
vHVT113

A fragment encompassing the synthetic NDV Texas F gene
(SEQ ID NO:36 encoding SEQ ID NO:37) was excised from
pUC57 NDV Texas F plasmid (synthesized by GeneScript)
using Notl and inserted into the same site of pCD046 plasmid
containing mCMYV promoter and SV40 polyA tail. Ligated
material was transformed using ToplO Oneshot kit
(cat#C404002, Invitrogen). Bacterial colonies were grown in
LBamp broth, plasmid extracted by using Qiagens MiniSpin
Prep kit, and screened for insert orientation. The correct
donor plasmid was designated pCD046+Texas NDV-F. Large
scale cultures were grown and plasmid extraction was done
by using Qiagens Maxi Prep kit. Transient expression of the
maxi preps was verified using Fugene Transfection Reagent
in Chicken Embryo Fibroblast Cells (CEF’s) and chicken
polyclonal sera against NDV.

Plasmid pCD046+Texas NDV-F (SEQ ID NO:30) was
used in transfection to generate recombinant vHVT113.
Sequencing of the insert region confirmed that vHVT113
contains the correct sequences of mCMV promoter, the wild-
type NDV-F Texas F gene and the SV40 polyA. The sequence
also exactly matches the sequence described for the donor
plasmid pCD046+Texas NDV-F in SEQ ID NO:30.
vHVTO039

The MDV gB promoter (SEQ ID NO:38) was amplified
from MDV1 RBIB strain extracted DNA by PCR using the
primers HMI101 (5'-CCG-GAA-TTC-CGA-TGT-TTA-
GTC-ACG-ATA-GAC-3") (SEQ ID NO:44) and HM102 (5'-
ATA-AGA-GCG-GCC-GCA-GTG-AGA-TGA-TCT-TAA-
TGA-TG-3") (SEQID NO:45). The former contains an EcoRI
site and the latter contains a Notl site for ligation of the
EcoRI/Notl digested 630 bp PCR product into EcoRI/Notl
digested pCDO046 plasmid. The ligation product was used to
transform DHS5c competent cells. Colonies were picked and
screened for the presence of the inserted PCR fragment by
restriction analysis with EcoRI and Notl. The resulting plas-
mid was designated pHM102.

The velogenic NDV Texas strain (genotype IV) was grown
on 11-day-old SPF embryonated eggs and semi-purified.
Total RNA was extracted and an RT PCR was performed
using two primers F-ATG (§' TAT-AGC-GGC-CGC-AAG-
ATG-GGC-TCC-AGA-TCT-TCT-ACC-AG 3" (SEQ ID
NO:46) and F-STOP (5§' CGA-GGC-GGC-CGC-TCA-TAT-
TTT-TGT-AGT-GGC-TCT-C 3") (SEQ ID NO:47). They
allow the whole amplification of the NDV F gene with addi-
tion of Notl site upstream ATG and downstream STOP
codons. The 1.7 kb PCR fragment was digested with Notl and
ligated into Notl-digested pHM102. The resulting plasmid
was designated pHM119 and was used as a donor plasmid in
in vitro recombination study by co-transfection of CEF cells
with HVT parental DNA to generate vHVTO039 as described
above. Sequencing of the insert region confirmed that
vHVTO039 contains the correct sequences of MDV gB pro-
moter, the wildtype unmodified NDV-F gene from Texas
strain (SEQ ID NO:32 encoding SEQ ID NO:33) and the
SV40 polyA as shown in the partial sequence of the donor
plasmid pHM119 (SEQ ID NO:31).
vHVT116

The plasmid pHM103 plasmid (Merial proprietary mate-
rial) containing the Intergenic [ arms of HVT FC126, SV40
promoter and SV40 polyA was digested with Notl, dephos-
phorylated, and the 5.6 kb fragment was gel extracted. A Notl
flanked 1.7 kb fragment of a chemically synthesized, codon-
optimized, CA02 genotype V NDV-F gene (SEQ ID NO:5,
coding for SEQ ID NO:6) was also Notl digested and the 1.7
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kb fragment was gel extracted. The 5.6 and 1.7 kb fragments
were ligated to create pHM103+NDV-F CA02 (SEQ ID
NO:23 for vHVT116) used in transfection to generate recom-
binant vHVT116. Sequencing of the insert region confirmed
that vHVT116 contains the correct sequences of SV40 pro-
moter, the codon-optimized CA02 NDV-F gene and the SV40
polyA as shown in the sequence of the donor plasmid
pHMI103+NDV-F wt (SEQ ID NO:23).
Discussion

Various cassettes under mCMV or non-CMV promoter
were inserted at different loci of HVT genome (Table 4).
Despite repeated attempts, generating a construct with acom-
bination of mCMYV and codon-optimized F sequence was not
successful beyond passage 2. However, when wild-type
sequence was driven by mCMYV a stable construct, vHVT110
could be generated. In addition, recombinant vHVT111 with
wild-type F sequence under SV40 promoter was also stable
for more than 10 in vitro passages. Surprisingly, a codon-
optimized F sequence under SV40 promoter was similarly
found to be stable for more than 10 in vitro passages (e.g.
vHVT114 and vHVT116). These results indicate the delicate
balance between the strength of the promoter and the nature
of the gene they control (codon-optimized or not optimized)
in generating a genetically stable HVT construct.

Example 3

Construction of vHVT306, a Double HVT Vector
Expressing NDV-F and IBDV VP2

The donor plasmid pHVT US2 SV-Fopt-synPA was con-
structed containing SV40 promoter, synthetic NDV F codon
optimized VII gene, synthetic polyA tail flanked by the
SORF3 and US2 arm sequences of HVT FC126.
Generation of Recombinant Virus

A standard homologous recombination procedure was fol-
lowed by co-electroporation of secondary CEF cells using
donor plasmid pHVT US2 SV-Fopt-synPA and viral DNA
isolated from vHVT13 (an HVT vector expressing the IBDV
VP2 gene, Merial Limited). Essentially the procedure
described in example 1 for vHVT114 was followed to gener-
ate, plaque purify and characterize recombinants by immun-
offuorescence.

After five rounds of plaque purification, pure recombinant
virus (VHVT306) was isolated and the purity of vHVT306
was tested and confirmed by IFA and PCR.

PCR Analysis

Viral DNA was extracted from vHVT306 pre-master seed
virus (pre-MSV) stock by QIA DNeasy Blood & Tissue Kit
(Qiagen cat#69506). PCR primers were designed to identify
the presence of the NDV F optimized, the NDV F wild type,
the SV40 promoter, the mCMYV promoter, the flanking arms
of US2 HVT virus and SB-1 virus.

PCR amplification with various primers confirmed that the
vHVT306 has the expected amplification patterns and ampli-
cons.

Expression Analysis

Indirect immunofluorescent assay (IFA) was performed on
the vVHVT306 pre-MSV stock. The CEFs that were inoculated
with vVHVT306 were fixed with ice-cold 95% acetone for
three minutes at room temperature and air-dried for 10 min.
After three washes with PBS, two primary antibodies,
chicken anti-Newcastle Disease Virus sera (Charles Rivers
Laboratories cat#10100641, 1ot#C0117A) at 1:500 dilution
and [.78 monoclonal antibody against HVT (Merial Select,
Gainesville, Ga.) at 1:3000 dilution were added and incu-
bated for 45 min at 37° C. After three washes with PBS, two
secondary antibodies, goat anti-chicken IgG-fluorescein
(KPL cat#.02-24-06, lot#110020) at 1:500 dilution and don-
key anti-mouse IgG-Alexa Fluor 568 (Molecular Probe
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#A10037, 10t#989784) at 1:300 dilution were added. The
plates were incubated at 37° C. for 45 min and followed by
three washes with PBS. The cells were observed to identify
the IFA positive plaques with a fluorescent microscope using
fluorescein isothiocyanate (FITC)- and tetramethyl-
rhodamine isothiocyanate (TRITC)-filters of Nikon Eclipse
Ti inverted microscope.

Similarly the expression of IBDV VP2 protein (SEQ ID
NO:8 encoded by SEQ ID NO:7) of vHVT306 were exam-
ined by IFA using chicken anti-IBDV sera (Charles River
Laboratories cat#10100610 lot#G0117) (1:500 dilution) and
anti-NDV F monoclonal antibody 001C3 (Asceitic fluid,
Batch 10/09/044, 02/11/2010) (1:300 dilution) as primary
antibodies; followed by goat anti-chicken IgG-fluorescein
(KPL cat#.02-24-06, lot#110020) (1:500 dilution) and don-
key anti-mouse IgG-Alexa Fluor 568 (Molecular Probe
#A10037, 10t#989784) (1:300 dilution) as secondary anti-
bodies.

IFA results indicate that vHVT306 expresses the NDV F
genes in virus-infected CEFs.

Over 400 vHVT306 plaques were counted using the FITC-
filter and TRITC-filter of microscope. The overall expression
of NDV F gene and IBDV VP2 match with the HVT plaques
(Table 5).

TABLE §

Dual IFA of vHVT306

IFA #1
(total 453 plagues)

IFA#2
(total 478 plagues)

Anti-NDV  Anti-HVT  Anti-NDV  Anti-IBDV

serum MAb F MAb serum
positive positive positive positive
Virus plaques plaques plaques plaques
vHVT306 pre-MSV 453 453 478 478
Southern Blot Analysis

Total genomic DNA was extracted from vHVT306 pre-
MSV stock infected CEFs. The Southern blot analysis was
performed according to the standard protocol.

A total 3 probes were used to confirm the NDV F cassette
(SV40 promoter, NDV F codon optimized gene, synthetic
polyA tail) between SORF3 and US2 of vVHVT306 as well as
retention of IBDV VP2 cassette (mCMV promoter, IBDV
VP2 gene, SV40 poly A tail).

The Southern blot results showed the digestion patterns as
expected based on Vector NTI (Invitrogen, 1600 Faraday
Ave., Carlsbad, Calif.) map analysis. The NDV F cassette
(SV40 promoter, NDV F codon optimized gene, synthetic
poly A tail) is located between SORF3 and US2, and IBDV
VP2 cassette (mCMYV promoter, IBDV VP2 gene, SV40 poly
A tail) is intact like the parent virus (VHVT13).

Genomic Analysis

The genomic DNA of vHVT306 pre-MSV stock was
sequenced to verity the sequence of the recombination arm
region as well as inserted gene cassette.

Primers were designed to amplify the entire inserted gene
cassette including recombination arm used in donor plasmid.
Analysis of VHVT306 genomic DNA was performed by PCR
amplification and followed by nucleotide sequence determi-
nation.

The vHVT306 (donor plasmid pHVT US2 SV-Fopt-
synPA) containing the recombinant arms, SV40 promoter and
NDV F codon-optimized gene was confirmed to be correct as
shown in SEQ ID NO:20.

Western Blot Analysis
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The CEF monolayer was infected with vHVT306 pre-
MSV at MOI ~0.1. After a 4-day incubation, the CEFs were
pelleted and washed with PBS followed by lysis with IP
Lysis/Wash buffer of Pierce Classic IP Kit (Thermo Scientific
cat#26146) according to the manufacturer’s protocols. The
lysate was pre-cleared and incubated with 100 ul of anti-NDV
F monoclonal antibody 001C3 to make the immune complex.
The immune complex was captured by Protein A/G Plus
Agarose and after removing of the un-bounded immune com-
plex by washing steps, the 50 ul of sample buffer was used to
elute under non-reducing conditions. The uninfected CEFs
were included as controls. The 20 ul of eluted samples were
separated in a 10% Bis-Tris Gels by electrophoresis. After the
electrophoresis, the separated proteins were transferred onto
PVDF membrane. The Protein Detection TMB Western Blot
Kit (KPL cat#54-11-50) was used to detect the NDV antigens
on PVDF membrane with chicken anti-NDV serum (Charles
River Laboratories cat#10100641, 1ot#CO0117A), and goat
anti-chicken IgG-peroxidase conjugate (KPL. cat#414-24-
06) following the manufacturers’ protocols.

The NDV F protein expression of vHVT306 was con-
firmed by two-step immunodetection. First, the expressed
NDV F proteins from vHVT306 infected CEF were captured
by the immunoprecipitation using anti-NDV F monoclonal
antibody 001C3. Subsequently Western blot analysis using
anti-NDV polyclonal serum (Charles River Laboratories
cat#10100641, lot#C0117A) was applied to detect the NDV F
protein in the captured samples (NDV F protein-monoclonal
antibody complex) (FIG. 8). A 55 kDa protein in vHVT306
pre-MSV lysates was detected by anti-NDV serum which
corresponds to the expected size of NDV F1 fusion protein
(FIG. 8).

Example 4

Construction of Double HVT Vectors vHVT301,
vHVT302, vHVT303, vHVT304 and vHVT307
Expressing NDV-F and IBDV VP2, and Double
HVT Vector vHVT202 Expressing IBDV VP2
Variants

Example 4.1

Construction of vHVT301, vHVT302, vHVT303,
vHVT304 and vHVT307

Generation and characterization of double HVT recombi-
nants vHVT301, vHVT302, vHVT303, vHVT304, and
vHVT307 were essentially done in the same way as for
vHVT306 described in example 3. Table 6.1 shows the fea-
tures unique to each construct around the expression cas-
settes, including the respective sequences.

TABLE 6.1
Characteristics of the expression cassettes
of double HVT recombinants
Parental

Name virus Promoter NDV-F gene Poly-A Locus

vHVT301 vHVTI3 SV40 Wt-VIId SV40 1G2
NDV-F

vHVT302 vHVT13 US10 Opt-VIId Us10 Us10
NDV-F

vHVT303 vHVT13 US10 Opt-V Us10 Us10
NDV-F

vHVT304 vHVTI3 SV40 Opt-VIId Synthetic  IG2
NDV-F
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TABLE 6.1-continued

Characteristics of the expression cassettes
of double HVT recombinants

Parental
Name virus Promoter NDV-F gene Poly-A Locus
vHVT306 vHVT13 SV40 Opt-VIId Synthetic  SORF3-
NDV-F Us2
vHVT307 vHVT13 SV40 Opt-V Synthetic  SORF3-
NDV-F Us2
vHVT301

The plasmid pHVT 1G2 Sbfl (Merial proprietary material)
containing the Intergenic 2 arm sequences of VHVT13 was
digested with Smal, dephosphorylated, and the 4.3 kb frag-
ment was gel extracted. The donor plasmid pHM103+NDV-F
wt containing an SV40 promoter, wildtype NDV-F genotype
VIId, SV40 poly A tail was EcoRI and Sall digested, klenow
treated, and the 2.3 kb fragment was gel extracted. The two
fragments were ligated to create a donor plasmid pHVT 1G2
SV Fwt Sbfl (SEQ ID NO: 24) used in transfection to gener-
ate recombinant vHHVT301.
vHVT302

A synthetically synthesized plasmid, pHVT US10 cds,
containing the US10 arm sequences of vVHVT13 was digested
with Notl, dephosphorylated, and the 4.7 kb fragment was gel
extracted. A Notl flanked 1.7 kb fragment of a chemically
synthesized, codon-optimized, NDV-F genotype VIId was
Notl digested and gel extracted. The two fragments were
ligated to create a donor plasmid pHVT US10 cds F opt used
in transfection to generate recombinant vHVT302. The tran-
scription of the inserted F gene should be driven by the native
US10 promoter and be stopped by the native US10 polyA
signal. No exogenous promoter or polyA is added to express
this insert. Sequencing of the insert region confirmed that
vHVT302 contains the correct sequence of the codon-opti-
mized VIId NDV-F gene as shown in the sequence of the
donor plasmid pHVT US10 cds F opt (SEQ ID NO: 25).
vHVT303

The synthetically synthesized plasmid pHVT US10 cds
containing the US10 arm sequences of vVHVT13 was digested
with Notl, dephosphorylated, and the 4.7 kb fragment was gel
extracted. A Notl flanked 1.7 kb fragment of a chemically
synthesized, codon-optimized, NDV-F genotype V was Notl
digested and gel extracted. The two fragments were ligated to
create a donor plasmid pHVT US10 cds F CAO2 opt used in
transfection to generate recombinant VHVT303. As with
vHVT302, the transcription of this inserted F gene should
also be driven by the native US10 promoter and be stopped by
the native US10 polyA signal. No exogenous promoter or
polyA is added to express this insert. Sequencing of the insert
region confirmed that vHVT303 contains the correct
sequence of the codon-optimized NDV-F genotype V as
shown in the sequence of the donor plasmid pHVT US10 cds
F CA02 (SEQ ID NO: 26).
vHVT304

The donor plasmid pHVT 1G2 Sbfl containing the Inter-
genic 2 arm sequences of vHVT13 was digested with Sbfl,
dephosphorylated, and the 4.3 kb fragment was gel extracted.
A synthetically synthesized plasmid containing an SV40 pro-
moter+codon optimized NDV-F genotype VIld+synthetic
polyA tail flanked by Sbfl was digested with Sbil and the 2.3
kb fragment was gel extracted. The two fragments were
ligated to create a donor plasmid pHVT IG2 SV Fopt syn tail
used in transfection to generate recombinant VHVT304.
Sequencing of the insert region confirmed that vHVT304
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contains the correct sequences of SV40 promoter, the codon-
optimized VIId NDV-F gene, and the synthetic poly A tail as
shown in the sequence of the donor plasmid pHVT IG2 SV
Fopt syn tail (SEQ ID NO:27).

vHVT307

The donor plasmid pHVT US2-SORF3 containing the US2
and SORF3 arm sequences of vHVT13 was digested with
Sbfl, dephosphorylated, and the 5.1 kb fragment was gel
extracted. The plasmid SB-1 ULS55 SV CaF syn tail Sbfl
containing an SV40 promoter+codon optimized NDV-F
genotype V+synthetic polyA tail flanked by Sbfl was
digested with Sb{l and the 2.3 kb fragment was gel extracted.
The two fragments were ligated to create a donor plasmid
pHVT US2 SV-FCAO02 opt-synPA used in transfection to
generate recombinant vHVT307. Sequencing of the insert
region confirmed that vHVT307 contains the correct
sequences of SV40 promoter, the codon-optimized VIId
NDV-F gene, and the synthetic poly A tail as shown in the
sequence of the donor plasmid pHVT US2 SV-FCAO2 opt-
synPA (SEQ ID NO: 28).

Discussion

One of the main goals of this work was to develop a mul-
tivalent avian Herpesvirus-based vector by incorporating
multiple protective genes of interest to one avian Herpesvirus
backbone (e.g. HVT). A prerequisite for this approach is to
define expression cassettes containing appropriate promoter-
gene-polyA combinations and evaluate for their genetic sta-
bility and ability to protect against the specific disease.

For the purpose of creating an efficacious MD-IBD-ND
trivalent vector vaccine, either codon-optimized or non-opti-
mized Newcastle Disease Virus (NDV)-F gene sequences
were cloned into vVHVT13 backbone (HVT-IBD, a licensed
vaccine to simultaneously protect chickens against MD and
IBD) under human CMV (mouse CMV is already used in
vHVT13). All vHVT-IBD-F constructs under human CMV
promoter lost F-protein expression within six passages
whether or not the NDV-F sequence is codon-optimized and
regardless of the insertion site. The loss of F protein expres-
sion was rapid (within two passes) when hCMV was com-
bined with codon-optimized F protein as compared to a com-
bination of hCMV with wild-type F-sequence (loss of F
protein expression within 6 passages). Taken together, the
data shows that human CMYV is not an ideal promoter for the
generation of stable HVT recombinants expressing NDV-F
protein. Surprisingly, this example shows that SV40 promoter
and HVT endogenous promoter (US10 promoter) generated
stable HVT recombinants expressing NDV-F protein.

Example 4.2
Construction of vHVT202

Donor Plasmid HVT SORF3-US2 gpVar-Ewtsyn Construc-
tion

A fragment encompassing the synthetic Varient E wild type
IBDV VP2 gene (SEQ ID NO:41 encoding SEQ 1D NO:42)
was excised from pUCS57 Varient E wt plasmid (synthesized
by GeneScript) using Notl and inserted into the same site of
SORF3 and US2 plasmid containing gpCMV promoter and
synthetic polyA tail. Ligated material was transformed using
Topl0 Oneshot kit (cat#C404002, Invitrogen). Bacterial
colonies were grown in LBamp broth, plasmid extracted by
using Qiagens MiniSpin Prep kit, and screened for insert
orientation using Sacl+HindIII digestion. The correct donor
plasmid was designated pHV'T SORF3-US2 gpVar-Ewt Syn.
Table 6.2 shows the features unique to the construct around
the expression cassettes, including the respective sequences.
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Large scale cultures were grown and plasmid extraction was
done by using Qiagens Maxi Prep kit. Transient expression of
the maxi preps was verified using Fugene Transfection
Reagent in Chicken Embryo Fibroblast Cells (CEF’s) and
chicken polyclonal sera against IBDV.

TABLE 6.2

Characteristics of the expression cassettes
of double HVT recombinants

Parental IBDV VP2
Name virus Promoter gene Poly-A Locus
vHVT202 vHVT306 Guinea IBDV E Synthetic  SORF3-
pig VP2 Us2
CMV

Recombinant Generation

A standard homologous recombination procedure was fol-
lowed by co-electroporation of secondary CEF cells using
pHVTSORF3-US2 gpVar-Ewt Syn donor plasmid and viral
DNA isolated from vHVT306 and digested with Sbfl.
vHVT306, expressing classical VP2 of IBDV and NDV-F,
was chosen as a parent to simplify the section process as
described below. The variant E VP2 donor plasmid was
designed to replace the F gene and recombinants were ini-
tially selected for the absence of F gene expression and later
by PCR for the presence of variant E VP2. Co-electroporation
was performed using 1x107 2° CEF in 300 pl Opti-MEM and
shocked at 150 volts with 950 capacitance in a 2 mm elec-
troporation cuvette. The transfected cells were seeded into
96-well plate and incubated for 5-7 days. The cells grown in
the 96-well plate were then duplicated into two 96-well plates
and incubated for 5 more days. One set of 96-well plates was
used for IFA using chicken polyclonal sera against NDV-F to
identify positive wells containing the vHVT306 parents and
another set of 96-well plates was used for recovering the
infected cells from the IFA negative wells.

The recombinant viral purification methods were pre-
formed first by 96-well plate duplication and IFA selection for
the wells containing the most IFA negative (against NDV-F)
plaques with the least amount of IFA positive plaques. Wells
matching those criteria were then harvested and adjusted to 1
mlin DMEM+2% FBS. From the 1 ml stock 5-20 ul (depend-
ing on the number of visible plaques) were removed and
mixed with 1x10” CEFs in 10 ml DMEM+2% FBS and ali-
quoted onto a new 96-well plate in an attempt to have single
HVT plaques per well. The 96-well plates were duplicated
after 4 days of incubation and wells that contained plaques
were tested for the presence of recombinant HVT and
absence of parental virus by IFA and PCR. Again the wells
that appeared to have more recombinant virus and less parent
virus, by comparing the PCR banding results, were harvested
and adjusted to 1 ml and aliquoted onto new 96-well plates
(the same as before). After five rounds of purification of virus
infected cells, recombinant HVT carrying two IBDV VP2
proteins was isolated and the purity of the recombinant virus
was tested by PCR to confirm the absence of parental virus.

Sequencing of the insert region confirmed that vHVT202
contains the correct sequences of guinea pig CMV promoter,
the IBDV Varient E wildtype VP2 gene, and the synthetic poly
A tail as shown in the sequence of the donor plasmid HVT
SORF3-US2 gpVar-Ewtsyn (SEQ ID NO:39).

Analysis of Recombinant by PCR

DNA was extracted from a stock virus by phenol/chloro-
form extraction, ethanol precipitated, and resuspended in 20
mM HEPES. PCR primers were designed to specifically iden-
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tify the Varient E wt gene, the promoter, the poly A, as well as,
the purity of the recombinant virus from HVT parental virus.
PCR was performed using 200 pg of DNA template along
with the specified primers pairs indicated in Table 1. PCR
cycling conditions are as follows (unless otherwise noted):
94° C.-2 min; 30 cycles of 94° C.-30 sec, 55° C.-30 sec, 68°
C.-3 min; 68° C.-5 min.

Purity of recombinant virus was verified by PCR using
primer pairs that are specific to the HVT flanking arms, the
gpCMYV promoter, the Varient E gene and the syn tail. Prim-
ers, specific to SB1, MDV serotype 2 (SB1USI1.FP+
SB1Sorf4.RP) were also included in the analysis. The PCR
results demonstrate that recombinant virus vHHVT202 carries
the intended expression cassette and the virus stock is free
from detectable amounts of parental HVT virus.
Immunofluorescent Staining of Recombinant vHVT202
Virus Expressing Two VP2 Proteins of IBDV

For immunofluorescence testing, the P3 material was
diluted 1:100 in media. Approximately 50 ul of the diluted
virus was added to 10 ml of DMEM+2% FBS with 1x107
CEFs and then aliquoted onto a 96 well plate (100 pl/well).
The plates were incubated for 4 days at 37° C.+5% CO, until
viral plaques were visible. The plates were fixed with 95%
ice-cold acetone for three minutes and washed three times
with PBS. One well was used for chicken anti-sera against
Newcastle Disease Virus (lot#C0139, Charles Rivers Labo-
ratory) at 1:1000 was added and the plates were incubated at
37¢ C. for 1 hour. The other well was used for chicken anti-
sera against IBDV (lot#G0117) After one hour incubation,
the plates were washed three times with PBS and FITC anti-
chicken (cat# F8888, Sigma) was added at 1:500. Again the
plates were incubated at 37° C. for 1 hour. After one hour
incubation the cells were rinsed three times with PBS and
visualized with a fluorescent microscope using fluorescein
isothiocyanate (FITC) filter.

The immunofluorescent staining results indicate that
vHVT202 exhibited a very strong expression of the VP2
protein when the polyclonal sera against both classical and
variant E VP2 proteins were used.

Conclusion

Based on PCR and immunofluorescence analysis,
vHVT202 is a recombinant HVT in which a VP2 gene of
variant E IBDV under the control of gpCMV promoter was
successfully inserted into a recombinant HVT background
that already expresses the VP2 gene of classical IBDV. Con-
sequently vHVT202 carries both VP2 genes of variant E and
classical IBDV and it is free of any detectable parental
vHVT306 virus.

Example 5

Construction of Recombinant vSB1-009, vSB1-004,
vSB1-006, vSB1-007, vSB1-008, and vSB1-010
Expressing NDV-F

Example 5.1

Construction of vSB1-009, vSB1-004, vSB1-006,
vSB1-007, and vSB1-008

The aim of the study is to construct a recombinant SB-1
viral vector vSB1-009 in which an expression cassette con-
taining SV40 promoter and Newcastle disease virus fusion
protein (NDV-F) is inserted to replace UL.44 coding sequence
(gC) of SB-1.
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A donor plasmid pSB1 44 cds SV FCAopt was constructed
containing UL.44 flanking arms of SB1 virus, SV40 promoter
and NDV F codon optimized gene sequence (SEQ ID NO:5,
coding for SEQ ID NO:6).

Generation of Recombinant Virus

A standard homologous recombination procedure was fol-
lowed by co-electroporation of secondary CEF cells using
donor plasmid pSB1 44 cds SV FCAopt and viral DNA
isolated from SB-1 virus infected CEFs. Essentially the pro-
cedure described in example 1 for vHVT114 was followed to
generate, plaque purify and characterize recombinants by
immunofluorescence.

After five rounds of plaque purification, pure recombinant
virus (vSB1-009) was isolated and the purity of vSB1-009
was tested by IFA and PCR to validate the appropriate inser-
tion as well as no remnant parental virus.

PCR Analysis

Viral DNA was extracted from vSB1-009 pre-master seed
virus (pre-MSV) stock by QIA DNeasy Blood & Tissue Kit
(Qiagen cat#69506). PCR primers were designed to identity
the presence of the NDV F optimized, the NDV F wild type,
the SV40 promoter, the mCMYV promoter, the UL.44 flanking
arms of SB-1 virus and HVT virus. PCR amplifications were
performed using approximately 200 ng of DNA template
along with the primer pairs.

PCR amplification with various primers confirmed that the
vSB1-009 has the expected amplification patterns and ampli-
cons.

Expression Analysis

Indirect immunofluorescent assay (IFA) was performed on
the vSB1-009 pre-MSV stock to examine the expression of
NDV F gene and SB-1 virus antigen. The CEFs that were
inoculated with vSB1-009 were fixed with ice-cold 95%
acetone for three minutes at room temperature and air-dried
for 10 min. The plates were washed with PBS, then two
primary antibodies, chicken anti-Newcastle Disease Virus
sera  (Charles Rivers Laboratories cat#10100641,
lot#C0117A) at 1:500 dilution and Y5.9 monoclonal antibody
against SB-1 virus (Merial Select, Gainesville, Ga.) at 1:3000
dilution were added and the plates were incubated for 45 min
at 37° C. After three washes with PBS, two secondary anti-
bodies, goat anti-chicken IgG-fluorescein (KPL cat#.02-24-
06, lot#110020) at 1:500 dilution and donkey anti-mouse
IgG-Alexa Fluor 568 (Molecular Probe #A10037,
10t#989784) at 1:250 dilution were added. The plates were
incubated at 37° C. for 45 min and followed by three washes
with PBS. The wells were screened for IFA positive plaques
with a fluorescent microscope using fluorescein isothiocyan-
ate (FITC) and tetramethylrhodamine isothiocyanate
(TRITC)-filters of Nikon Eclipse Ti inverted microscope.
Similarly, reactivity of vSB1-009 with NDV F Mab was
examined by Dual IFA using anti-MDV serum (Charles River
Laboratories, cat#10100628, lot#D0111) (1/300 dilution)
and anti-NDV F monoclonal antibody (1/300 dilution) as
primary antibody. The goat anti-chicken IgG-fluorescein
(KPL cat#.02-24-06, lot#110020) (1:500 dilution) and don-
key anti-mouse IgG-Alexa Fluor 568 (Molecular Probe
#A10037,10t#989784) (1:250 dilution) were used as second-
ary antibodies. The wells were observed to identify the IFA
positive plaques with a fluorescent microscope using FITC-
and TRITC-filters of Nikon Eclipse Ti inverted microscope.

IFA results indicate that vSB1-009 expresses the NDV F
protein in virus-infected CEF. Over 500 vSB1-009 plaques
were counted for NDV F protein expression as well as SB-1
virus specific protein expression with dual IFA. The expres-
sion of NDV F protein completely matched with SB-1 virus
antigen expression in each virus plaque (Table 7).
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TABLE 7

Dual IFA of vSB1-009

Dual IFA plate#1
(total 189 plaques)

Dual IFA plate#2
(total 361 plaques)

Anti-NDV  Anti-SB-1  Anti-NDV  Anti-SB-1

serum MAb serum MAb
positive positive positive positive
Virus plaques plaques plaques plaques
vSB1-009 pre-MSV 189 189 361 361

NDV F Mab reactivity was confirmed by Dual IFA. Over
200 vSB1-009 plaques were examined for NDV F Mab reac-
tivity as well as anti-MDV serum reactivity. The reactivity
with NDV F Mab completely matched with anti-MDV serum
reactivity in each virus plaque (Table 8).

TABLE 8
Reactivity of vSB1-009 with anti-NDV F Mab
Dual IFA (total 254 plaques)
Anti-MDV serum Anti-NDV F MAb
Virus positive plaques positive plaques
vSB1-009 pre-MSV 254 254
Southern Blot Analysis
Total genomic DNA was extracted from vSB1-009 pre-

MSYV stock infected CEFs. The genomic DNA of vSB1-009,
SB-1 virus (negative control), pSB1 44 cds SV FCA opt
donor plasmid were digested at 37° C. with EcoRI, Ncol, and
Kpnl restriction endonucleases separately. The restriction
fragments were separated by a 0.8% agarose gel electro-
phoresis and transferred onto a positively charged Nylon
membrane. After transfer, the membrane was treated with
0.4M NaOH and then neutralized with 2xSSC-HCI buffer.
The membrane was then air dried and UV crosslinked.

Following the North2South Chemiluminescent Hybridiza-
tion and Detection Kit (Thermo Scientific cat#89880) manu-
facturers’ instructions, the membrane was pre-hybridized for
1 hr and then hybridized with the probe at 55° C. for over-
night. For hybridization, two probes were used; 1) the Sbfl
fragment of pSB1 44 cds SV FCA opt as NDV F cassette
probe, 2) the Smal-EcoRI fragment of pUC57 SB1 44 arm
(GenScript) as recombination arm probe. After the overnight
hybridization, several stringency washes were conducted
until the membrane was placed in blocking buffer with the
addition of Streptavidin-HRP. After rinsing the membrane of
any unbound Streptavidin-HRP, the substrate solution of
Luminal and peroxide were added. The membrane was then
exposed to X-ray film and the film was developed.

The Southern blot results were as expected based on Vector
NTI map analysis. The NDV F cassette (SV40 promoter,
NDV-F CA02 codon optimized gene) replaced the UL44
coding sequences of SB-1 virus.

Genomic Analysis

The genomic DNA of vSB1-009 pre-MSV stock was con-
ducted by nucleotide sequence determination of the region of
recombination arm as well as inserted gene cassette. Primers
were designed and used to amplify the entire NDV-F gene
cassette including the recombination arms.

The vSB1-009 sequence (donor plasmid pSB1 44 cds SV
FCAopt) containing the recombinant arms, SV40 promoter
and NDV F codon-optimized gene was confirmed to be cor-
rect as shown in SEQ ID NO:19.
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Western Blot Analysis

The CEF monolayer was infected with vSB1-009 pre-
MSV at MOI ~0.1. After a 5-day incubation, the CEFs were
pelleted and washed with PBS followed by lysis with IP
Lysis/Wash buffer of Pierce Classic IP Kit (Thermo Scientific
cat#26146) according to the manufacturers’ protocols. The
lysate was pre-cleared and incubated with 100 pl of anti-NDV
F monoclonal antibody to make the immune complex. The
immune complex was captured by Protein A/G Plus Agarose
and after removing of the un-bounded immune complex by
washing steps, the 50 pl of sample buffer was used to elute
under non-reducing conditions. The uninfected CEFs were
included as a control. The 20 pl of eluted samples were
separated in 10% Bis-Tris gels by electrophoresis. After the
electrophoresis, the separated proteins in a gel were trans-
ferred onto PVDF membrane. The Protein Detection TMB
Western Blot Kit (KPL cat#54-11-50) was used to detect the
NDV antigens onto PVDF membrane with chicken anti-NDV
serum (Charles River Laboratories cat#10100641,
lot#C0117A), and goat anti-chicken IgG-peroxidase conju-
gate (KPL cat#14-24-06) following the manufacturers’ pro-
tocols.

The NDV F protein expression of vSB1-009 was con-
firmed by two-step immunodetection. First, the expressed
NDV F proteins from vSB1-009 infected CEF lysate were
captured by the immunoprecipitation using anti-NDV F
monoclonal antibody 001C3. Subsequently Western blot
analysis using anti-NDV polyclonal serum (Charles River
Laboratories cat#10100641, lot#C0117A) was applied to
detect the NDV F protein in the captured samples (NDV F
protein-monoclonal antibody complex) (FIG. 9). An approxi-
mately 55 kDa protein in vSB1-007 pre-MSV lysates was
detected by anti-NDV serum that corresponding the expected
size of NDV F1 fusion protein (FIG. 9).

Generation and characterization of HVT recombinants
vSB1-004, vSB1-006, vSB1-007 and vSB1-008 were essen-
tially done in the same way as for vSB1-009 described in this
example. Table 9.1 shows the features unique to each con-
struct around the expression cassettes, including the respec-
tive sequences. The generation and characterization of
recombinant SB1 viral vectors were also described in U.S.
patent application Ser. No. 13/689,572 filed on Nov. 29, 2012
(Merial limited), which is incorporated herein by reference in
its entirety.

TABLE 9.1

Characteristics of the expression cassettes
of SB1 recombinant;

Parental
Name virus  Promoter T gene Locus
vSB1-009 SBI  SV40 Opt-CA02  UL44 (gC)
vSB1-004 SBI mCMVIE  Wt-VId USs10
vSB1-006 SBI  SV40 Opt-VIId UL55/LORFS
vSB1-007 SBI  SV40 Opt-VIId UL44 (gC)
vSB1-008 SBI  SV40 Opt-CA02  ULSS5/LORF5
Example 5.2

Construction of Double Construct vSB1-010

Donor Plasmid SB1US2 gpVIldwtsyn Construction

Using the plasmid HVT SOrf3-US2 gpVar-Ewt Syn, the
gpCMYV, Varient E, Syn tail was removed by Sbfl digestion.
This fragment was ligated into the SB1 US2 donor plasmid.
The Varient E gene was cut out by Notl and replaced by
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NDV-F VIId wt. The synthetic NDV-F VIId wild type gene
(SEQ ID NO:3 encoding SEQ ID NO:4) was excised from
pUC57 NDV-F VIId wt plasmid (synthesized by GeneScript)
using Notl digestion. Ligated material was transformed using
Topl0 Oneshot kit (cat#C404002, Invitrogen). Bacterial
colonies were grown in LBamp broth, plasmid extracted by
using Qiagens MiniSpin Prep kit, and screened for insert
orientation using Ncol+Sall digestion. The correct donor
plasmid was designated pSB1 US2 gpVIIdwt Syn. Table 9.2
shows the features unique to the construct around the expres-
sion cassettes, including the respective sequences. Large
scale cultures were grown and plasmid extraction was done
by using Qiagens Maxi Prep kit. Transient expression of the
maxi preps was verified using Fugene Transfection Reagent
in Chicken Embryo Fibroblast Cells (CEF’s) and chicken
polyclonal sera against NDV-F.
Recombinant Generation

A standard homologous recombination procedure was fol-
lowed by co-electroporation of secondary CEF cells using
pSB1 US2 gpVIIdWt Syn donor plasmid and viral DNA
isolated from vSB1-009 (vSB1-009 is already a recombinant
virus expressing CAO2 F gene of NDV). Essentially the pro-
cedure described in example 1 for vHVT114 was followed to
generate, plaque purify and characterize recombinants by
immunofluorescence.

After five rounds of plaque purification, pure recombinant
virus (vSB1-010) was isolated and the purity of vSB1-010
was tested by IFA and PCR to validate the appropriate inser-
tion as well as no remnant parental virus.

TABLE 9.2
Characteristics of the expression cassette of vSB1-010
Parental
Name virus Promoter T gene Locus
vSB1-010 vSB1-009 Guinea pig  NDV-FVIId SORF4-US2
CMV
Sequencing of the insert region confirmed that vSB1-010

contains the correct sequences of guinea pig CMV promoter
and the NDV-F VIId wt gene as shown in the sequence of the
donor plasmid SB1US2 gpVIldwtsyn (SEQ ID NO:40).
Analysis of Recombinant by PCR

DNA was extracted from a stock virus by phenol/chloro-
form extraction, ethanol precipitated, and resuspended in 20
mM HEPES. PCR primers were designed to specifically iden-
tify the NDV-F VIId wt gene, the promoter, the polyA, as well
as, the purity of the recombinant virus from SB1 parental
virus. PCR was performed using 200 pug of DNA template
along with the specified primers pairs indicted in Table 1.
PCR cycling conditions are as follows (unless otherwise
noted): 94° C.-2 min; 30 cycles of 94° C.-30 sec, 55° C.-30
sec, 68° C.-3 min; 68° C.-5 min.

Purity of recombinant virus was verified by PCR using
primer pairs that are specific to the SB1 flanking arms, the
gpCMYV promoter, the NDV-F VIId wt gene and the syn tail.
Primers, specific to HVT, MDV serotype 3 (MB080+MBO081)
were also included in the analysis. The PCR results demon-
strate that recombinant virus vSB1-010 carries the intended
expression cassette and the virus stock is free from detectable
amounts of parental SB1-009 virus.

Immunofluorescent Staining of Recombinant vSB1-010
Virus Expressing Two NDV-F Proteins

For immunofluorescence testing, the P3 material was
diluted 1:100 in media. Approximately 50 ul of the diluted
virus was added to 10 ml of DMEM+2% FBS with 1x107
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CEFs and then aliquoted onto a 96 well plate (100 ul/well).
The plates were incubated for 5 days at 37° C.+5% CO, until
viral plaques were visible. The plates were fixed with 95%
ice-cold acetone for three minutes and washed three times
with PBS. Chicken anti-sera against Newcastle Disease Virus
(1ot#C0139, Charles Rivers Laboratory) at 1:1000 was added
and the plates were incubated at 37° C. for 1 hour. After one
hour incubation, the plates were washed three times with PBS
and FITC anti-chicken (cat# F8888, Sigma) was added at
1:500. Again the plates were incubated at 37° C. for 1 hour.
After one hour incubation the cells were rinsed three times
with PBS and visualized with a fluorescent microscope using
fluorescein isothiocyanate (FITC) filter.

The immunofluorescent staining results indicate that
vSB1-010 exhibited a very strong expression of the NDV-F
protein when the polyclonal sera against both CA02 and VIId
F proteins of NDV were used.

Conclusion

Based on PCR testing and immunofluorescence analysis,
vSB1-010 is a recombinant SB-1 in which VIId-F gene of
NDV under the control of gpCMV promoter was successfully
inserted into a vSB1-009, which already expresses the
CAOQ2-F gene of NDV. Consequently vSB1-010 carries both
VIIdand CAO2 F genes of NDV genotypes and itis free of any
detectable parental vSB1-009.

Example 6

Efficacy of vHVT110, vHVT111, vHVT114 and
vSB1-004 Expressing the NDV F Gene Against
Challenges with NDV Chimalhuacan and Malaysian
(MALO04-01) Strains at 14 Days of Age in SPF
Chickens

The aim of the study was to assess the efficacy of three
HVT recombinant constructs (VHVT110, vHVT111 and
vHVT114) and one SB1 recombinant construct (vSB1-004)
expressing the NDV F gene against Newcastle disease chal-
lenges (Chimalhuacan and Malaysian virus strains) per-
formed at 14 days of age in SPF chickens.

The characteristics of these 5 vaccine candidates are

described in Table 10 below.
TABLE 10
Characteristics of the vectors used in the challenge study
Parental

Name virus Promoter F gene Poly-A Locus
vHVT110 HVT mCMV IE Wt-VIId SV40 1G1
vHVTI11 HVT SV40 Wt-VIId SV40 1G1
vHVT114 HVT SV40 Opt-VIId SV40 1G1
vSB1-004 SB-1 mCMV IE Wt-VIId SV40 US10

On DO, 100 one-day-old SPF chickens were randomly
allocated into 10 groups of 10 birds. The birds were injected
by subcutaneous injection in the neck at DO with 0.2 mL of
recombinant vaccines containing a target dose of 2000 pfu as
described in Table 11 below. It should be mentioned that the
titer of vSB1-004 (31600 pfu) administered to birds of groups
6 was well above the target. The birds were challenged by the
intramuscular route on D14 with velogenic ND Malaysia
(genotype VIId) strain (sub-groups “a”) or with virulent ND
Chimalhuacan (genotype V) strain (sub-groups “b”).
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TABLE 11

Challenge study with vHVT110, vHVT111, vHVT114 and vSB1-004

% protection against mortality/

Vaccine at NDV morbidity after Newcastle
day-old serology challenge at 14 days of age (D14)
Group (DO0) at D14*  Malaysian strain  Chimalhuacan strain
Gla — 0/10 0%/0% —
Glb — — 0%/0%
G2a vHVT110 7/10 100%/89% —
G2b vVHT110 100%/70%
G3a vHVTI111 2/10 30%/20% —
G3b vHVTI111 — 67%/11%
G4a vHVT114 9/10 100%/100% —
G4b vHVT114 — 89%/89%
G3a vSB1-004 3/10 70%/50% —
G5b vSB1-004 — 40%/30%

*Number of birds positive by NDV HI test/total tested

Each group was monitored before and after challenge.
Clinical signs after challenge were scored daily as follows:
healthy/with specific symptoms (ruftled feathers, prostration,
torticollis, tremor)/dead. On D14, serum samples were taken
in each group for serology (Newcastle Disease virus hemag-
glutination inhibition (HI) test).

As expected, the unvaccinated animals (Gla and Glb)
displayed no NDV antibodies on D14. A low titer serocon-
version (mean HI titer <0.6 log 10) was obtained in each
vaccinated group (sub-groups “a” and “b” of G2 to G5) con-
firming the vaccine takes. The number of positive birds/total
tested was group-dependent and was the highest (90%) in
vHVT114 vaccinated birds (see Table above).

Percentages of protection against mortality and morbidity
are reported in the table above. Full susceptibility was
observed in the control groups Gla and G1b thus validating
the high severity of both challenges. L.owest protection levels
were observed in the groups vaccinated with vHVT111 or
vSB1-004. Highest protection rates against morbidity and
mortality were obtained in the groups vaccinated with
vHVT110 or vHVT114 whatever the challenge strain used
(homologous strain i.e. Malaysian genotype V1Id or heterolo-
gous strain i.e. Chimalhuacan genotype V). There was a cor-
relation between the % of birds positive by HI test before
challenge and the % protection.

The difference of protection obtained between vHVT110
and vHVT111 clearly illustrates the importance of the pro-
moter, the mCMYV IE promoter being more potent than the
SV40 promoter for the transcription of the wild type (wt)
genotype VIId F gene. The difference of protection obtained
between vHVT111 and vHVT114 illustrates the importance
of the nucleotide sequence of the F gene, the optimized
sequence being more potent than the wild type (or native)
sequence.

In conclusion, the results of this study showed the impor-
tance of the promoter and the nucleotide sequence of the F
gene in the ND protection induced by Marek’s disease vector
vaccines. An optimal combination of these factors needs to be
found to reach the best efficacy performances as for
vHVT114.

Example 7

Efficacy of vHVT114, vHVT116, vHVT301,
vHVT302 and vHVT303 Expressing the NDV F
Gene Against Challenges with NDV Texas GB Strain
at 14 Days of Age in SPF Chickens

The aim of the study was to assess the efficacy of 2 single
HVT recombinant constructs (vHVT114 and vHVT116)
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expressing the NDV F gene and 3 double HVT recombinant
constructs (VHVT-301, vHVT302 and vHVT303) expressing
both NDV F and IBDV VP2 genes against Newcastle disease
challenge (Texas GB strain, genotype II) performed at 14
days of age in SPF chickens.

The characteristics of these 4 vaccine candidates are
described in Table 12 below.

TABLE 12

Characteristics of the vectors used in the challenge study

Parental
Name virus Promoter F gene Poly-A Locus
vHVT114 HVT SV40 Opt-VIId SV40 1G1
vHVT116 HVT SV40 Opt-V SV40 1G1
vHVT301 vHVT13* SV40 Wt-VIId SV40 1G2
vHVT302 vHVT13 US10 Opt-VIId Us10 Us10
vHVT303 vHVT13 US10 Opt-V Us10 Us10

*vHVT13 is the active ingredient of the licensed Vaxxitek HVT-IBD vaccine based on an
HVT vector expressing the IBDV VP2 gene (see U.S. Pat. No. 5,980,906 and EP 0 719 864).

On DO, 120 one-day-old SPF chickens were randomly
allocated into 6 groups of 20 birds. The birds were injected by
subcutaneous injection in the neck at DO with 0.2 mL of
recombinant vaccines containing a target dose of 1000 pfu as
described in Table 13 below. The birds were challenged by the
intramuscular route on D14 with 4.5 log 10 EID50 velogenic
ND Texas GB (genotype 1) strain.

TABLE 13

Results of efficacy

Vaccine at % clinical protection (number infected/total)
day-old after Newcastle challenge at 14 days of age
Group (DO) (D14)

Gl — 0% (20/20)

G2 vHVT114 80% (4/20)

G3 vHVT116 70% (6/20)

G4 vHVT301 15% (17/20)

G5 vHVT302 52.6% (9/19)*

G6 vHVT303 15% (17/20)

*1 bird died before challenge

Each group was monitored before and after challenge.
NDV clinical signs and mortality were recorded after chal-
lenge.

Percentages of clinical protection are reported in the table
above. Full susceptibility was observed in the non-vaccinated
challenged control group G1 thus validating the high severity
of both challenges. Partial protection was observed for the 5
vaccine candidates, the best performances being obtained
with vHVT114 and vHVT116. Among the double HVT
recombinants, the vHVT302 was the most protective. It per-
formed better than vHVT303 suggesting that the optimized
genotype VIId NDV F gene may be better cross-protective
against genotype II challenge than the optimized genotype V
NDV F gene. A similar tendency was observed with single
HVT, the vHVT114 (VIId gene) performing slightly better
than vHVT116 (V gene) but the difference was less pro-
nounced. These results indicated that both genotypes VIId
and V NDV F genes inserted in the HVT vector provide
cross-protection against a heterologous genotype 11 NDV
challenge; the VIId gene may potentially be more cross-
protective. The vHVT302 induced a better ND protection
than vHVT301 confirming the importance of the promoter,
poly-A andlocus of insertion. In conclusion, the results of this
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study showed the very good early ND protection induced by
tested Marek’s disease vector vaccines, especially for the
tested single HVT-ND.

Example 8

Efficacy of vHVT114, vHVT116, vSB1-007,
vSB1-008 (Alone or with vHVT13) and vHVT 304
Against Challenges with NDV ZJ1 (Genotype VIId)

and California/02 (Genotype V) at 21 Days of Age in
SPF Chickens

The aim of the study was to assess the efficacy of 2 single
HVT recombinant constructs (vHVT114 and vHVT116), 2
SB1 recombinant constructs (vSB1-007 & vSB1-008)
expressing the NDV F gene and a double HVT recombinant
(VHVT304) against Newcastle disease challenge with NDV
ZJ1 (genotype VIId) and California/02 (genotype V) per-
formed at 21 days of age in SPF chickens.

The characteristics of these 5 vaccine candidates are
described in Table 14 below.

TABLE 14
Characteristics of the vectors used in the challenge study
Parental

Name virus Promoter F gene Poly-A Locus
vHVT114 HVT SV40 Opt-VIId ~ SV40 1G1
vHVT116 HVT SV40 Opt-V SV40 1G1
vSB1-007 SB-1 SV40 Opt-VIId  gC UL44 (gC)
vSB1-008 SB-1 SV40 Opt-V SV40 1G1
vHVT304 vHVT13* SV40 Opt-VIId  Synth 1G2

*vHVT13 is the active ingredient of the licensed Vaxxitek HVT-IBD vaccine based on an
HVT vector expressing the IBDV VP2 gene (see U.S. Pat. No. 5,980,906 and EP 0 719 864).

On DO, 158 one-day-old SPF chickens were randomly
allocated into 6 groups of 24 birds (vaccinated) and 1 group of
12 birds (non-vaccinated controls). The birds were injected
by subcutaneous injection in the neck at DO with 0.2 mL of
recombinant vaccines containing a target dose of 1000 pfu as
described in Table 15 below. The birds were then separated
into two sub-groups, each sub-group being challenged by the
intramuscular route on D21 with 5 log 10 EID50 of either
NDV ZJ1 (genotype VIId) or California/02 (genotype V)
velogenic strain.

TABLE 15
Results of efficacy
Vaccine at % clinical protection
Group  day-old (DO) CA/02 (genotype V)  ZJ1 (genotype VIId)

G1 — 0% 0%
G2 vHVT114 100% 100%
G3 vHVT116 100% 90%
G4 vSB1-007 92% 100%
G5 vSB1-008 100% 100%
G6 vSB1-008 + 100% 83%

vHVTI13
G7 vHVT304 92% 75%

Each group was monitored before and after challenge.
Technical problems observed with isolators reduced the num-
ber of birds in group 2 (VHVT114: from 24 to 14) and in group
3 (VHVT116: from 24 to 20). NDV clinical signs were
recorded after challenge. Serum was collected from blood
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samples taken from birds of groups 2 and 7 before challenge
(D21) for NDV serology by HI test using each challenge
strains as antigen.

Mean serologic Hl titers in G2 and G7 before challenge are
shown in FIG. 10. HI titers were higher with the ZJ1 antigen
in both groups. The HI titers induced by vHVT114 were
higher than those induced by vHHVT304.

Percentages of protection against mortality and morbidity
are reported in the table above. Full susceptibility was
observed in the non-vaccinated challenged control group G1
thus validating the high severity of both challenges. All vac-
cines induced high levels (275%) of protection against both
challenges. Full clinical protection against both challenges
was induced by vHVT114 and vSB1-008. Following a simi-
lar tendency as the HI titers, the ND protection induced by
vHVT304 was slightly lower than that induced by vHVT114.

The shedding was evaluated after challenge by real time
RT-PCR in oral and cloacal swabs taken 2 and 4 days post-
challenge. Percentage of positive (Ct<40) birds are shown for
both challenges in FIGS. 11A and 11B. Note that all 6 birds
were dead at 4 dpch in the control group challenged with the
CA/02 isolate and only one bird (out of 6) was still alive at 4
dpch in the control group challenged with ZJ1. Shedding was
detected in all control birds. Reduction of the percentage of
birds positive for shedding was observed in all vaccinated
groups.

In conclusion, the results of this study showed the very
good ND protection at 3 weeks of age induced by tested
Marek’s disease vector vaccines.

Example 9

Efficacy of vHVT114, vSB1-007, vSB1-009,
vHVT306 and vHVT307 Vaccines Against
Challenges with NDV Texas GB Strain at 28 Days of
Age in SPF Chickens

The aim of the study was to assess the efficacy of combi-
nations of different Marek’s disease vector vaccines express-
ing the NDV F and/or the IBDV VP2 gene against Newcastle
disease challenge (Texas GB strain, genotype II) performed at
28 days of age in SPF chickens.

The characteristics of the 5 recombinant vaccine candi-
dates tested in this study are described in Table 16 below.

TABLE 16

Characteristics of the vectors used in the challenge study

Parental
Name virus Promoter F gene Poly-A Locus
vHVT114 HVT SV40 Opt-VIId ~ SV40 1G1
vSB1-007 SB-1 SV40 Opt-VIId  gC UL44 (gC)
vSB1-009 SB-1 SV40 Opt-V gC UL44 (gC)
vHVT306 vHVT13 SV40 Opt-VIId ~ Synth SORF3-US2
vHVT307 vHVT13 SV40 Opt-V Synth SORF3-US2

The Marek’s disease virus serotype 1 (CVI988 (or
Rispens) strain; Gallid herpesvirus 2) and serotype 2 (SB-1
strain; gallid herpesvirus 3) vaccines were used also in com-
bination with recombinant viruses in some of the groups.

On DO, 135 one-day-old SPF chickens were randomly
allocated into 9 groups of 15 birds. The birds were injected by
subcutaneous injection in the neck at DO with 0.2 mL con-
taining a target dose of 2000 pfu for recombinant vaccines
(vSB1-007, vSB1-009, vHVT13, vHVT306, vHVT307,
vHVT114), and 1000 pfu for parental Marek’s disease vac-
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cine strains (SB-1 and CVI988). The design of the 9 groups is
shown in Table 17 below. The birds were challenged by the
intramuscular route on D28 with 4.0 log 10 EID50 velogenic
ND Texas GB (genotype II) strain.

TABLE 17

Results of efficacy

% ND protection

Vaccine at after Newcastle disease
Group  day-old (DO) challenge at 28 days of age
Gl — 0%
G2 vSB1-007 + vHVT13 80%
G3 vSB1-009 100%
G4 vSB1-009 + vHVT13 86%
G5 vSB1-009 + vHVT13 + CVI98&8 93%
G6 vHVT306 + SB-1 100%
G7 vHVT307 100%
G8 vHVT307 + SB-1 93%
G9 vHVT114 + vHVT13 + $B-1 100%

Each group was monitored before and after challenge.
NDV clinical signs after challenge were recorded.

Percentages of protection against mortality and morbidity
are reported in the table above. Full susceptibility was
observed in the non-vaccinated challenged control group G1
thus validating the high severity of challenge. Excellent levels
of protection were observed in all vaccinated groups. Birds
from G3, G6, G7 and G9 were fully protected. This study
shows that the vSB1-ND candidates can be co-administered
with vHVT13 and CVI988 and still provide a very good ND
protection. Similarly, double HVT-IBD+ND are compatible
with SB-1 and vHVT-ND (vHVT114) is compatible with
vHVT13 and SB-1.

In conclusion, the results of this study showed the lack of
interference on ND protection induced by the tested Marek’s
disease parental and vector vaccines.

Example 10

Efficacy of vHVT114, vHVT307, vSB1-007 and
vSB1-009 in Combination with vHVT13 Against
Challenges with NDV Chimalhuacan Strain
(Genotype V) at D28 in SPF Chickens

The aim of the study was to assess the efficacy of 1 HVT
recombinant construct (vHVT114) and 2 SB 1 recombinant
constructs (vSB1-007 and vSB1-009) expressing the NDV F
gene in combination with vHVT-IBD (VHVT13), as well asa
double HVT vHVT307 expressing both NDV F and IBDV
VP2 against Newcastle disease challenge (Chimalhuacan,
genotype V) performed at 28 days of age in SPF chickens.

The characteristics of these 4 vaccine candidates are
described in Table 18 below.

TABLE 18
Characteristics of the vectors used in the challenge study
Parental
Name virus Promoter F gene Poly-A Locus
vHVT114 HVT SV40 Opt-VIId ~ SV40 1G1
vSB1-007 SB-1 SV40 Opt-VIId  gC UL44 (gC)
vSB1-009 SB-1 SV40 Opt-V gC UL44 (gC)
vHVT307 vHVTI3  SV40 Opt-V Synth SORF3-US2

On DO, 45 one-day-old SPF chickens were randomly allo-
cated into 4 groups of 10 birds and 1 group of 5 birds (unvac-
cinated control group). The birds were injected by subcuta-
neous injection in the neck at DO with 0.2 mL of recombinant
vaccines containing a target dose of 2000 pfu as described in
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Table 19 below. The birds were challenged by the intramus-
cular route on D28 with 5.0 log 10 EID50 velogenic Chimal-
huacan (genotype V) strain.

TABLE 19

Results of efficacy

Vaccine at % protection % protection
Group  day-old (DO) against mortality  against morbidity
Gl — 0% 0%
G2 vHVT114 + vHVT13 100% 100%
G3 vHVT307 80% 80%
G4 vSB1-007 + vHVT13 90% 90%
G5 vSB1-009 + vHVT13 90% 90%

Each group was monitored before and after challenge.
NDV clinical signs were recorded after challenge. Oropha-
ryngeal swabs were taken in the vaccinated groups at 5 and 7
days post-challenge to evaluate the viral load by real time
RT-PCR.

Percentages of protection against mortality and morbidity
are reported in the table above. Full susceptibility was
observed in the non-vaccinated challenged control group G1
thus validating the high severity of challenge. Very good
protection was observed in all 4 vaccinated groups, a full
clinical protection being induced by v:HHVT114+vHVT13.

The percentage of positive birds and the mean shedding
titer (expressed as log 10 EID50 equivalent per ml.) are
shown in FIGS. 12A and 12B. Surprisingly, no shedding was
detected in G2 indicating a complete (against both clinical
signs and shedding) ND protection induced by vHVT114
even if co-administered with vHHVT13, in the tested condi-
tions. The shedding levels detected in the other vaccinated
groups were low with a slightly higher level detected in G3
(VHVT307) at 5 days post-infection (pi) only.

In conclusion, this example further illustrates the excellent
ND protection induced by double HVT-IBD+ND recombi-
nant or a combination of SB1-ND or HVT-ND and HVT-IBD
(vHVT13) recombinant viruses. Contrary to the general
belief in the field that a second HVT vaccine (regular HVT
vaccines or recombinant HVT vaccines) interferes with the
immunity to the foreign genes inserted into the first recom-
binant HV'T vaccine, the present invention showed surprising
result that vHVT114 in combination with vHHVT13 offered
excellent protection against NDV and no interference effect
was observed.

Example 11

Efficacy of vHVT306, vSB1-008 in Combination
with vVHVT13 Administered by SC or in Ovo Route
Against Challenge with NDV Chimalhuacan Strain

(Genotype V) at D28 in SPF Chickens

The aim of the study was to assess the efficacy of the
vHVT306 double HVT expressing both NDV F and IBDV
VP2 genes, and the vSB1-008 SB1 recombinant expressing
the NDV F gene in combination with vHVT-IBD (vHVT13),
administered by the in ovo or by the subcutaneous route
against Newcastle disease challenge (Chimalhuacan, geno-
type V) performed at 28 days of age in SPF chickens.

The characteristics of these 2 ND vaccine candidates are
reported in the table 14 (vSB1-008) and in table 16
(VHVT306).

The design of the groups is shown on Table 20. Sixty SPF
embryonated eggs (after approximately 18 days and 18 hours
of incubation; D-3) were used for the in ovo administration
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(20 per group for G1, G2 and G3). Fifty microliters of vaccine
containing 2000 PFU were administered by the in ovo route
using the IntellilLab System device from AviTech LLC (Sal-
isbury, Md., USA). Hatchability and survival were recorded
after in ovo administration. On DO, 20 one-day-old SPF
chickens were randomly allocated into 2 groups of 10 birds
(G4 and GS5). The birds were injected by subcutaneous (SC)
injection in the neck at DO with 0.2 ml of recombinant
vaccines containing a target dose of 2000 pfu as described in
Table 20 below. Ten birds per group were challenged by the
intramuscular route on D28 with 5.0 log 10 EID50 velogenic
Chimalhuacan (genotype V) strain.

TABLE 20

Study design and results of ND efficacy

% protection % protection

Vaccine at Admin. against against

Group  day-old (DO) route mortality morbidity
Gl vHVTI13 In ovo 0% 0%
G2 vHVT306 In ovo 100% 100%
G3 vSB1-008 + VHVTI3  Inovo 78% 68%
G4 vHVT306 SC 100% 100%
G5 vSB1-008 + VHVTI3  SC 100% 70%

Each group was monitored before and after challenge.
NDV clinical signs were recorded after challenge. Oropha-
ryngeal swabs were taken in the vaccinated groups at 5 and 7
days post-challenge to evaluate the viral load by real time
RT-PCR.

Full hatchability and viability were recorded up to D28
(challenge day) for birds of groups G1 and G2. Hatchability
in G3 was 85% and one additional bird died after hatching in
this group. The lower hatchability of that group may be due to
egg incubator problems. Body weights of males and females
in G1, G2 and G3 were similar at DI and at D28.

Percentages of protection against mortality and morbidity
are reported in the table 20. Full susceptibility was observed
in the non-vaccinated challenged control group G1 thus vali-
dating the high severity of challenge. Very good protection
was observed in all 4 vaccinated groups, a full clinical pro-
tection being induced by vHVT306 administered by both
routes.

The percentage of positive birds and the mean shedding
titer (expressed as log 10 EID50 equivalent per mL.) are
shown in Table 21. Absence of detectable or very low shed-
ding was observed in G2 and G4 vaccinated with vHVT306.
The shedding levels detected in the groups vaccinated with
vSB1-008+vHVT13 were higher especially at 5 days post-
infection (pi).

TABLE 21

Results of protection against shedding (percentage of birds with
detectable shedding and mean viral load in log10) evaluated at
D5 and D7 after NDV challenge

Percent of

positive Mean

Vaccine at Admin. birds viral load*

Group  day-old (DO) Route (D5/D7 pi)  (D5/D7 pi)
G2 vHVT306 In ovo 0/0% 2.7/2.7
G3 vSB1-008 + VHVT13  Inovo 100/38% 5.2/3.2
G4 vHVT306 SC 20/10% 3.2/2.9
G5 vSB1-008 + vHVT13  SC 80/50% 4.6/3.4

*Mean quantitative real time PCR value expressed in equivalent logl 0 EID50; the threshold
is setat 2.7 logl 0.

In conclusion, this example shows excellent ND protection
induced by vHVT306 double HVT recombinant adminis-
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tered either by in ovo or by SC routes. The performance of
vSB1-008+vHVT13 was slightly lower especially after in
ovo administration, but it may be at least partially due to egg
incubator problems. Indeed, the in ovo safety testing of
another SB1-ND recombinant (vSB1-009) at 1000 or 4000
PFU associated with 6000 PFU of vHVT13 did not show any
difference in hatchability and early survival with a group
receiving 6000 PFU of vHVT13 only.

Example 12

Efficacy of vHVT304, vHVT306, vSB1-007 and
vSB1-008 in Combination with vHVT13 Against
Challenge with NDV Chimalhuacan Strain
(Genotype V) at D42 in Commercial Broiler
Chickens

The aim of the study was to assess the efficacy of two
double HVT (VHVT304 and vHVT306) expressing both
NDV F and IBDV VP2 genes, and two SB1 recombinants
(vSB1-007 and vSB1-008) expressing the NDV F gene in
combination with vHVT-IBD (vHVT13) against Newcastle
disease challenge (Chimalhuacan, genotype V) performed at
42 days of age in commercial broiler chickens.

The characteristics of these 4 ND vaccine candidates are
reported in tables 14 and 16. The design of the groups is
shown on Table 22. On DO, 55 one-day-old commercial
broiler chickens were randomly allocated into 5 groups of 11
birds. The birds were injected by subcutaneous (SC) injection
in the neck at DO with 0.2 mL of recombinant vaccines con-
taining a target dose of 2000 pfu as described in Table 22
below. Ten birds per group were challenged by the intramus-
cular route on D42 with 5.0 log 10 EID50 velogenic Chimal-
huacan (genotype V) strain.

TABLE 22

Study design and results of ND efficacy

% protection

Vaccine at against % protection against
Group  day-old (DO) mortality morbidity
Gl vHVT13 0% 0%
G2 vHVT304 82% 82%
G3 vHVT306 100% 100%
G4 vSB1-007 + vHVT13 100% 100%
G5 vSB1-008 + vHVT13 91% 91%

Each group was monitored before and after challenge.
NDV clinical signs were recorded during 14 days after chal-
lenge. Oropharyngeal swabs were taken in the vaccinated
groups at 5 and 7 days post-challenge to evaluate the viral
load by real time RT-PCR.

Percentages of protection against mortality and morbidity
are reported in the table 22. Full susceptibility was observed
in the non-vaccinated challenged control group G1 thus vali-
dating the high severity of challenge. Very good protection
was observed in all 4 vaccinated groups, a full clinical pro-
tection being induced by vHVT306 and by vSB1-007+
vHVTI13.

The percentage of positive birds and the mean shedding
titer (expressed as log 10 EID50 equivalent per ml.) are
shown in Table 23. The best reduction of shedding was
induced by vHVT306 and vSB1-007+vHVT13, which were
also the best candidates for clinical protection.
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TABLE 23

Results of protection against shedding (percentage of birds with
detectable shedding and mean viral load in log10) evaluated at

D5 and D7 after NDV challenge (pi)

Vaccine at Percent of positive ~ Mean viral load*
Group day-old (DO) birds (D5/D7 pi) (D5/D7 pi)
G2 vHVT304 100/100% 5.4/4.6
G3  vHVT306 40/50% 3.5/3.7
G4 vSB1-007 + vHVT13 80/70% 3.8/4.8
G5 vSB1-008 + vHVT13 100/100% 4.8/4.3

*Mean quantitative real time PCR value expressed in equivalent logl 0 EID50; the threshold
was setat 2.7 logl0.

The vHVT306 ND protection was found to be better than
that of vHVT304. These two double HVT contain the same
NDV F expression cassette but inserted in two different loci,
the IBDV VP2 one being inserted at the same position. This
example therefore illustrates the importance of the locus of
insertion in the design of HV'T recombinants. The vSB1-007+
vHVT13 was better than vSB1-008+vHVT13. The vSB1-007
genomic structure differs from that of vSB1-008 in different
aspects: locus of insertion, promoter, poly-adenylation signal
and F gene origin. The combination of these foreign
sequences and locus of insertion in vSB1-007 were likely
responsible for its better ND protection performances.

In summary, this example illustrates the importance of the
locus of insertion and other regulatory sequences of the NDV
expression cassette in the ND protection induced by HVT and
MDYV serotype 2 vectors.

Example 13

Efficacy of Double HVT-ND+IBD (vHVT304 and
vHVT306) or SB1-ND (vSB1-008) in Combination
with vHVT13 Recombinant Vaccines, Against
Challenge with a Classical IBDV Isolate on D14 in
SPF Chickens

The aim of the study was to assess the early IBD efficacy of
double HVT recombinants vHVT304 and vHV'T306 as well
as that of vVHVT13 co-administered with a SB1-ND (vSB1-
008) recombinant constructs against a virulent infectious bur-
sal disease virus (vVIBDV) challenge (Faragher 52/70 strain)
performed at 14 days of age in SPF chickens.

The characteristics of the double HVT and SB1 recombi-
nants used in this study are shown in Tables 14 and 16.

On DO, 95 one-day-old SPF chickens were randomly allo-
cated into 9 groups of 10 birds and 1 group of 5 birds (unvac-
cinated unchallenged control group). The birds were injected
by subcutaneous injection in the neck at DO with 0.2 mL of
recombinant vaccines containing a target dose of 300 or 1000
pfu as described in the Table 24 below. On D14, blood sample
was collected from 5 birds per group for serological testing
with the Kit ProFLOK® plus IBD (Synbiotics Corp). The
birds (10 birds per group except for group 7 in which 1 bird
died before challenge) were challenged by the eye drop (0.05
mL per bird) on D14 with 2.5 log 10 EID50.
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TABLE 24

40

Study design and results of IBD efficacy

IBD+ Mean

ELISA Number bursal/body
Vaccine at titerat  Dead/ % weight
Group day-old (dose in PFU) D14t Sick?  protect-tion® ratio®
G1  vSB1-008 (1000) 0.2 7/10 0% 0.0013
G2 VvHVTI13 (300) 2.7 0/0 100% 0.0051
G3  vHVT13 (1000) 2.7 0/0 90% 0.0049
G4 VvHVTI13 + vSB1-008 (300) 1.9 1/1 60% 0.0041
G5 VvHVTI13 + vSB1-008 (1000) 2.4 0/0 70% 0.0041
G6  vHVT304 (300) 2.9 0/0 60% 0.0037
G7  vHVT304 (1000) 2.2 0/0 67% 0.0047
G8  vHVT306 (300) 2.4 0/0 80% 0.0033
G9  VvHVT306 (1000) 2.7 0/0 40% 0.0026

"Mean IBD+ ELISA titers expressed in logl0 in the serum of 5 birds per group sampled at D14 before

challenge;
Birds sick for more than 2 days or still sick on D25 were considered as sick.

3Protection against clinical signs and severe bursal lesion (bursal score <3)
“The bursal/body weight ratio of the unvaccinated/unchallenged group was 0.0047.

Each group was monitored before and after challenge.
IBDV clinical signs were recorded for 11 days after challenge
(from D15 to D25). At the end of the post-challenge obser-
vation period (D33), all the surviving birds were euthanized
and necropsied. Body and bursal weights were recorded.
Each bursa of Fabricius (BF) was weighted then stored in
individual recipients containing 4% formaldehyde for histol-
ogy. Histological lesions of the bursa were scored according
to the scale presented in Table 25.

TABLE 25

Scoring scale of histological lesions of the bursa of Fabricius™*

Score Histology observation/lesions

No lesion, normal bursa

1 1% to 25% of the follicles show lymphoid depletion (i.e. less than
50% of depletion in 1 affected follicle), influx of heterophils

in lesions

26% to 50% of the follicles show nearly complete lymphoid
depletion (i.e. more than 75% of depletion in 1 affected follicle),
affected follicles show necrosis and severe influx of heterophils
may be detected

51% to 75% of the follicles show lymphoid depletion; affected
follicles show necrosis lesions and a severe influx of heterophils
is detected

76% to 100% of the follicles show nearly complete lymphoid
depletion; hyperplasia and cyst structures are detected; affected
follicles show necrosis and severe influx of heterophils is detected
100% of the follicles show nearly complete lymphoid depletion;
complete loss of follicular structure, thickened and folded
epithelium, fibrosis of bursal tissue

*sourced from Monograph No. 01/2008:0587 of EU Pharmacopoeia “Avian Infectious
Bursal Disease vaccine (live)

A bird was considered as affected if it died and/or showed
notable sign of disease and/or severe lesions of the bursa of
Fabricius (i.e., histology score 3).

The mean ELISA IBD+ antibody titer expressed in log 10
before challenge is shown in Table 24. Significant titers were
detected in all vaccinated groups that were significantly
higher than that of the control group G1. The serology titer
was not dose-dependent.

Severe clinical signs were observed after challenge in all
birds of the control group G1. Seven out of 10 birds of that
group died within the 11 days observation period indicating
the high severity of challenge. None of the vaccinated birds
showed severe clinical signs after challenge except 1 bird of
G4 that died. Percentages of protection against severe bursal
lesions are shown in the table above. Significant IBD protec-
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tion was observed in all groups, the best protection being
observed in G2 and G3 (vHVT13 alone). The co-administra-
tion of vSB1-008+vHVT13 and the double vHVT304 and
vHVT306 constructs induced similar levels of IBD protec-
tion. The protection was not dose-dependent at the tested
doses. The mean bursal/body weight ratios are also shown in
Table 24. Ratios in all vaccinated groups were higher than
those of the challenged control group.

In conclusion, these data indicate that both the combination
of'a SB1-ND vector with a single HVT-IBD or double HVT
expressing both NDV-F and IBDV-VP2 induce IBD antibod-
ies and early IBD protection in a severe IBDV challenge
model.

Example 14

Efficacy of Single HVT-ND (vHVT114) or SB1-ND
(vSB1-007 and vSB1-009) in Combination with
vHVT13 Recombinant Vaccines, Against Challenge
with a Very Virulent IBDV Isolate on D23 in
Commercial Broiler Chickens

The aim of the study was to assess the IBD efficacy of
vHVT13 co-administered with an HVT-ND (vHVT114) or
SB1-ND (vSB1-007 and vSB1-009) recombinant constructs
against a very virulent infectious bursal disease virus
(vvIBDV) challenge (91-168/980702) performed at 23 days
of'age in commercial broiler chickens.

The characteristics of these 4 vaccine candidates are
described in Tables 14 and 16. On DO, 90 one-day-old broiler
chickens were randomly allocated into 7 groups of 12 birds
and 1 group of 6 birds (unvaccinated unchallenged control
group). The birds were injected by subcutaneous injection in
the neck at DO with 0.2 mL of recombinant vaccines contain-
ing a target dose of 3000 pfu as described in the Table 26. On
D14, blood sample was collected from 5 birds per group for
serological testing with the Kit ProFLOK® plus IBD (Syn-
biotics Corp). The serum of 10 extra one-day-old broiler
chickens was tested at DO with the same kit to evaluate the
level of IBDV maternal antibody. The birds (10 birds per
group) were challenged by the eye drop (0.05 mL per bird) on
D23 with 4.3 log 10 EID50 of the vwIBDV 91-168 isolate.

Each group was monitored before and after challenge.
IBDV clinical signs were recorded for 11 days after challenge
(from D23 to D33). At the end of the post-challenge obser-
vation period (D33), all the surviving birds were euthanized
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and necropsied. Body and bursal weights were recorded.
Each bursa of Fabricius (BF) was weighted then stored in
individual recipients containing 4% formaldehyde for histol-
ogy. Histological lesions of the bursa were scored according
to the scale presented in Table 25.

A bird was considered as affected if it died and/or showed
notable signs of disease and/or severe lesions of the bursa of
Fabricius (i.e., histology score =3).

TABLE 26

Study design and serology results

Mean

bursal/body
Vaccine at IBD+ ELISA weight
Group  day-old (DO) titer at D23! ratio?
G1 — 3.9 0.0007
G2 vHVT13 4.0 0.0015
G3 vHVT114 + vHVT13 4.1 0.0015
G4 vSB1-007 + vHVT13 3.8 0.0018
G5 vSB1-009 + vHVT13 4.0 0.0019

"Mean IBD+ ELISA titers expressed in log10 in the serum of 5 birds per group sampled at
D23 before challenge;
’The bursal/body weight ratio of the unvaccinated/unchallenged group was 0.0047

The mean ELISA IBD+ serological titer at DO was
4.3620.01 log 10 indicating a very high level of IBD maternal
antibody at hatch. At D23, the mean ELISA IBD+ titer was
still high (3.9) in the control G1. ELISA mean titers in the
vaccinated groups were not significantly different from those
of the control group.

Neither morbidity nor mortality was observed in any of the
groups after challenge. Percentages of protection against
severe bursal lesions are shown in the table 26 above. The
result showed that co-administration of vHVT114, vSB1-007
or vSB1-009 did not interfere with vHVT13-induced IBD
protection indicating a lack of interference. Similarly, the
mean bursal/body weight ratios of the vaccinated groups were
similar and clearly higher than that of the control group,
indicating IBD protection and no difference between the vac-
cination regimens.

In conclusion, the data indicate the compatibility between
vHVT114, vSB1-007 or vSB1-009 and vHVTI13 for IBD
protection. The lack of interference between the two HVT
vectors for IBD protection was again surprising and con-
firmed the results observed for ND protection (see example
10),

Example 15

Efficacy of Double HVT-ND+IBD (vHVT304 and
vHVT306) Associated or not with SB-1 and of
SB1-ND (vSB1-007 and vSB1-008) in Combination
with vHVT13 Recombinant Vaccines, Against
Challenge with a Variant E IBDV Isolate on D28 in
SPF Chickens

The aim of the study was to assess the efficacy of two
double HVT (HVT-ND+IBD: vHVT304 and vHVT306) or
two vSB-1-NDV in combination with vHVT13 (vSB1-007+
vHVT13, vSB1-008+vHVT13) vectored vaccines adminis-
tered subcutaneously (SC) to day-old SPF chicks and chal-
lenged with IBDV-Variant (VAR-E) 28 days post-
vaccination.

On DO, 105 one-day-old SPF chickens were randomly
allocated into 7 groups of 15 birds including a group of
challenged controls (G6) and unchallenged controls (G7).
The birds of groups G1 to G5 were injected by subcutaneous
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injection in the neck at DO with 0.2 mL of recombinant and/or
SB-1 vaccines containing each a target dose of 2000 pfu. The
design of the study is shown in Table 27 below. On D28, all
birds from groups G1 to G6 were challenged by the eye drop
(0.03 mL containing 3 log 10 EID50 per bird) of the IBDV
variant E isolate from University of Delaware (USA). Each
group was monitored before and after challenge. Eleven days
post-challenge, birds were weighed and necropsied. The
bursa were collected and weighed. The bursal/body weight
ratios (bursa weight/body weight ratiox100) were calculated.

TABLE 27

Study design and results of IBD efficacy

Vaccine at Mean bursal/body weight
Group day-old ratio (*100)
Gl vHVT304 0.33
G2 vHVT304 + $B-1 0.33
G3 vHVT306 0.29
G4 vHVT13 + vSB1-007 0.49
G5 vHVT13 + vSB1-008 0.47
G6 - (challenged) 0.13
G7 - (unchallenged) 0.46

The mean bursal/body weight ratios are shown in the Table
27. The challenged control birds had a severe bursal atrophy
compared to unchallenged ones. The vSB1-007 and vSB1-
008 vaccines did not interfere on vHVT13-induced protec-
tion (G4 and G5). The bursal/body weight ratios of birds
vaccinated with the double HVT (HVT-ND+IBD) were
slightly lower than the unchallenged control group but were
clearly higher than the challenged control groups. Further-
more, the SB-1 serotype 2 Marek’s disease vaccine did not
interfere with vHVT304-induced IBD protection.

In conclusion, these data indicate that both the combination
of'a SB1-ND vector with a single HVT-IBD or double HVT
expressing both NDV-F and IBDV-VP2 induce IBD protec-
tion in a variant E IBDV challenge model.

Example 16

Lack of Interference of vHVT114, vSB1-009 and/or
SB-1 on vHVT13 Induced Variant E IBD Protection
in SPF Chickens

The aim of the study was to assess the IBD efficacy of
vHVT13 when administered by SC or in ovo route concomi-
tantly with vHVT114, vSB1-009 and/or SB-1 in SPF chicks
in an IBDV-Variant (VAR-E) at D28 challenge model.

75 one-day-old SPF chickens and 75 SPF 18 to 19 day-old
chicken embryo were randomly allocated into 5 groups (G1 to
G5 and G6 to G10, respectively) including a group of chal-
lenged controls (G4 and G9, respectively) and unchallenged
controls (G5 and G10, respectively). The birds of groups G1
to G3 were injected by subcutaneous injection in the neck at
DO with 0.2 mL of vaccines containing each a target dose of
3000 pfu except for SB-1 which had a target dose of 1000
PFU. Birds from G6 to G8 received the same vaccine doses
but in 0.05 mL volume by the in ovo route 2-3 days before
hatch. The design of the study is shown in Table 28 below. At
28 days of age, all birds from groups G1 to G4 and G6 to G9
were challenged by the eye drop (0.03 mL containing 3 log 10
EID50 perbird) of the IBDV variant E isolate from University
of Delaware (USA). Each group was monitored before and
after challenge. Eleven days post-challenge, birds were
weighed and necropsied. The bursa were collected and
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weighed. The bursal/body weight ratios (bursa weight/body
weight ratiox100) were calculated.

TABLE 28

44
TABLE 29

Study design and MD protection results

Vaccine at Number of MD  Percentage of
5 Group  day-old (DO) positive/total protection
Study design and results of IBD efficacy
Gl vHVT13 +SB-1 7/20 65%
G2 vHVT114 +SB-1 7/20 65%
Mean G3  VHVT13 +vHVT114 + 7/20 65%
bursal/body vSB1-009
Vaccine at Administration weight 10 G4 - (challenged) 20/20 0%
Group day-old route ratio (*100) G5 - (unchallenged) 020 100%
Gl vHVT13 + vHVT114 + SB-1  SC 0.56 . .
s VEVTL3 + VEVTL14 + Sc 0.58 Ea.ch group was monitored daily for any unfayoure}ble
VSB1-009 reactions before and after challenge. At day 49, all live birds
3 VEVTI3 + vSB1-009 sc 0.52 15 were terminated and necropsied to examine for gross lesions
G4 - (challenged) sC 0.13 associated with Marek’s disease. Chickens were classified as
G5 - (unchallenged) e 0.51 positive for infection with Marek’s disease if nervous signs,
G6 vHVT13 + vHVT114 + SB-1 Inovo 0.54 such as paralysis, locomotive signs attributable to the disease,
G7 vHVT13 + vHVT114 + In ovo 0.47 and severe emaciation or depression are observed, if mortality
vSB1-009 20 directly attributable to Marek’s Disease occurs, or if gross
G8 vHVT13 + vSB1-009 In ovo 0.53 lesions are observed at necropsy. Lesions might include, but
G9 - (challenged) In ovo 0.14 not be limited to, the following: liver, heart, spleen, gonads,
G10 - (unchallenged) In ovo 0.58 kidneys, and muscle lesions

The mean bursal/body weight ratios are shown in the Table
28. The challenged control birds (G4 and G9) had a severe
bursal atrophy compared to unchallenged ones. The bursal/
body weight ratios of the vaccinated groups (G1 to G3 and G6
to G8) were similar to those of the unchallenged control
groups (G5 and G10) and well above those of the challenged
control groups (G4 and G9). The lack of interference of
vHVT114 on vHVT13-induced IBD protection after both SC
orin ovo routes was surprising and confirmed data obtained in
examples 10 and 14.

In conclusion, these data indicate clearly the compatibility
of vHVT114+vSB1-009 or +SB-1 and of vSB1-009 with
vHVT13 when administered by SC or in ovo route in a variant
E IBDV challenge model.

Example 17

Efficacy of vHVT114 and vHVT13 and SB1 or
vSB1-009 Vectors Against Very Virulent Plus
Marek’s Disease Challenge

The aim of this study was to evaluate the Marek’s disease
efficacy induced by different combinations of vaccines
including vHVT114, vHVT13, SB-1 and/or vSB1-009
administered by the SC route to one-day-old SPF chicks and
challenged 4 days later with the very virulent plus Marek’s
disease virus (vv+MDV) T-King isolate.

On DO, 100 one-day-old SPF chickens were randomly
allocated into 5 groups of 20 birds. The birds from groups 1 to
3 were injected by subcutaneous injection in the neck at DO
with 0.2 mL of vaccines containing a target dose of 2000 pfu
for each vaccine except for SB-1 for which the target dose was
1000 pfu. Birds from groups 4 and 5 were non-vaccinated and
were used as sham controls challenged (group 4) or unchal-
lenged (group 5). The study design is shown in the Table 29.
On D4, All birds from groups 1 to 4 were challenged with 0.2
mL of the vv+MDV T-King isolate using the intraperitoneal
route of administration.
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Results of protection are shown in the Table 29 above. All
vaccinated groups (G1 to G3) performed equally, inducing a
partial (65%) MD protection as expected in this very severe
and early challenge model. These results indicated that the
vector vaccine candidates retain their ability to protect against
Marek’s disease.

Example 18

Efficacy of Recombinant HVT and SB1 Vectors
Against Marek’s Disease

Marek’s disease efficacy is also demonstrated for the HVT
vectored recombinants and the SB-1 vectored recombinants
either alone or in combination. The challenge strains include
avirulent Marek’s disease (vMD) challenge such as GA22, a
very virulent Marek’s disease (vwMD) challenge such as
RB1B and/or a very virulent plus Marek’s disease (vv+MD)
challenge such as the T. King virus. One-day-old chickens are
inoculated subcutaneously or 18-19-day-old embryonated
eggs are inoculated with a 0.2 ml dose or 0.05 ml dose,
respectively, of the test viruses. At five days of age the vac-
cinated chickens and naive controls are challenged with the
relevant Marek’s challenge virus (v, vv, or vw+MDV). The
challenged birds are observed until seven weeks of age. All
birds are terminated and necropsied to observe for grossly
visible lesions associated with Marek’s disease as described
in Example 17.

Example 19

Interference of HVT on vHVT13-Induced IBDV
Antibodies in Commercial Pullets

The objective of this study was to determine if co-admin-
istration of HVT with vHVT13 had an impact on vHVT13-
induced IBDV antibody response in commercial pullets.

Eighty day-old commercial brown pullets were used in
three isolation units. Fifteen were blood sampled at day-old to
test IBD maternally derived antibodies (MDA). The remain-
ing birds were split into three groups as shown in Table 30.
Birds from group 2 and 3 were vaccinated by the SC route in
the nape of the neck with commercial doses of vHVT13
(VAXXITEK HVT+IBD; Merial SAS, Lyon, France) and/or
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HVT cell-associated Bio HVT (Merial S.p.A., Noventa,
Italy). Blood sampling was performed at the age of 25, 35 and
45 days of age. The ELISA kit used to evaluate IBDV sero-
logical response was the PROFLOK PLUS IBD (IBD+) Ab
ELISA kit from Synbiotics (Synbiotics Corp., Kansas City,
Mo., USA).

TABLE 30
Study design and serology results

ELISA  ELISA  ELISA  ELISA

Vaccine at titre titre titre titre

Group day-old (D 0) D1 D25 D35 D45
G1 — 10,502 7,814 6,237 3,664
G2 vHVTI13 10,502 8,023 9,360 9,486
G3 vHVT13 + 10,502 6,896 4,763 3,795

HVT

Mean ELISA titers are shown in Table 30. Titers in the
unvaccinated group G1 decreased from DI to D45, which
corresponded to the decline of IBDV maternal antibodies. As
expected; ELISA titers in the vHVT13 group G2, remains
high up to D45 indicating maternal antibodies were progres-
sively replaced by vHHVT13-induced antibodies. The addition
of HVT to vHVT13 had a clear negative impact since the
antibody titers observed in G3 were similar to G1. These
results contrast with those obtained with vHVT114+vHVT13
since the vHVT114 did not decrease vHVT13-induced IBD+
ELISA titers (see example 14, Table 26). They confirm the
unexpected property of vHVT114 in not interfering with
vHVT13 immunogenicity.

In conclusion, in contrast to what was observed with
vHVT114, the addition of HVT to vHVT13 had a clear nega-
tive impact on vHVT13-induced IBDV humoral immunity.

Example 20

Interference of Commercial HVT-ND on
vHVT13-Induced IBD Protection

The objective of this study was to determine if co-admin-
istration of commercial HVT-ND vector vaccines with
vHVT13 had an impact on vHVT13-induced IBD protection
in SPF chickens.

Seventy five SPF chickens (3 groups (G2, G3 and G4) of
25) were vaccinated at one day-of-age by the SC route with a
commercial dose of VHVT13 (VAXXITEK HVT+IBD) with
or without one commercial dose of licensed HVT-vectored
ND vaccine (VHVT-ND1 and vHVT-ND2) as shown in the
Table 31. Fifteen birds were kept as non-vaccinated controls
(G1). Three weeks post-vaccination, birds (20 chickens in
G2, G3 and G4 and 10 chickens in G1) were challenged with
atleast 2.01og 10 EID50 in 0.05 ml of IBD virus Ph/B1 strain
(isolated in the Philippines) administered via ocular route. All
chickens were observed for 5 days for clinical signs or death
from causes attributable to IBD challenge virus and euthana-
tized humanely at end of post-challenge observation for
necropsy examination of IBD lesion, especially from the
bursa of Fabricius. Birds were considered as protected if their
bursa did not show bursal lesions typical of IBD: bursal
atrophy, peri-bursa edema and/or hemorrhages in bursa tis-
sues.
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TABLE 31

Study design and IBD protection data

Number of ~ Number of
Vaccine at sick positive Percent of
Group day-old (D 0) (dead)/total  bursa/total  protection
Gl — 10(8)/10 10/10 0%
G2 vHVTI13 + 3(3)/20 9/20 55%
vHVT-ND 1
G3 vHVTI13 + 3(1)/20 7/20 65%
vHVT-ND2
G4 vHVT13 0(0)/20 0/20 100%

Results are shown in Table 31. All 10 challenged control
birds showed clinical signs and 8 out of 10 died 4 or 5 dpi
indicating that the IBDV challenge was very severe. All of
them had severe lesions of bursa including severe atrophy and
haemorrhagic patches. The vHVT13 alone induced full pro-
tection whereas both combinations with vHVT-ND induced
partial clinical and bursal protection.

In conclusion, these results clearly indicate that the 2 com-
mercial HVT-vectored ND vaccines interfere with vHVT13-
induced IBD protection.

Example 21

Efficacy of vSB1-004, vSB1-006, vSB1-007,
vSB1-008, SB1-Vectored ND Vaccine Alone or in
Association with vHVT13 HVT-Vectored IBD
Vaccine, and the vHVT302 and vHVT304 Vaccines
Against Challenges with NDV Texas GB Strain at 14
and/or 28 Days of Age in SPF Chickens

The aim of the study was to assess the efficacy of combi-
nations of different Marek’s disease vector vaccines express-
ing the NDV F and/or the IBDV VP2 gene against Newcastle
disease challenge (Texas GB strain, genotype II) performed at
14 and/or 28 days of age in SPF chickens.

The characteristics of the 6 NDV recombinant vaccine
candidates tested in this study are described in the Table 32
below.

TABLE 32
characteristics of the 6 NDV recombinant
vaccine candidates tested in this study
Parental

Name virus Promoter F gene Poly-A Locus

vSB1-004 SB-1* mCMV IE Wt-VIId  SV40 SORF4/
Us10

vSB1-006 SB-1 SV40 Opt-VIId  Synthetic ULS55/
LORF5

vSB1-007 SB-1 SV40 Opt-VIId  (endogeneous  gC

from gC gene)

vSB1-008 SB-1 SV40 Opt-CA02  Synthetic ULS55/
LORF5

vHVT302 vHVT13 US10 Opt-VIId  US10 Us10

vHVT304 vHVT13 SV40 Opt-VIId  Synthetic 1G2

On DO, 225 one-day-old SPF chickens were randomly

allocated into 9 groups of 15 birds (Gla to G9a challenged at
D14) and 6 groups of 15 birds (G1b, G3b, G4b, G5b, G8b,
G9b challenged at D28). The birds were injected by subcu-
taneous injection in the neck at DO with 0.2 mL containing a
target dose of 2000 pfu for recombinant vaccines. The design
of the study is shown in Table 33 below. The birds were
challenged by the intramuscular route on D14 or D28 with 4.3
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and 4.2 log 10 EID50 (0.1 mL) velogenic ND Texas GB
(genotype II) strain, respectively.

TABLE 33

Results of ND efficacy

% ND protection % ND protection

Vaccine at after ND challenge  after ND challenge

Group day-old (D 0) at 14 days of age at 28 days of age

Gla & 1b — 0% 0%

G2a vSB1-004 20% ND*

G3a & 3b vSB1-006 26.6% 73.3%

G4a & 4b vSB1-007 33.3% 93.3%

G5a & 5b vSB1-008 46.6% 86.6%

Gba vSB1-006 + 14% ND
vHVT13

G7a vSB1-008 + 21.4% ND
vHVT13

GBa & 8b vHVT302 13.3% 80%

G9a & 9b vHVT304 33.3% 93.3%

*ND = not done

Each group was monitored before and after challenge.
NDV clinical signs after challenge were recorded. One bird
died in G6 and G7 before challenge reducing the number of
birds from 15 to 14 in these groups.

Percentages of clinical protection (including protection
against both mortality and morbidity) are reported in Table 33
above. Full susceptibility was observed in the non-vaccinated
challenged control group Gla and G1b thus validating the
high severity of challenge. Partial protections ranging from
13.3 to 46.6% were observed after challenge at D14, the
highest levels of protection being induced by vSB1-008,
vSB1-007 and vHVT304. Protection levels after ND chal-
lenge at D28 were much higher for all vaccinated groups and
were again slightly higher in the groups vaccinates with
vSB1-008, vSB1-007 or vHVT304. These results indicated
that ND protection levels were dependent on the date of
challenge and on the construct. The vSB1-008 and vSB1-007
constructs performed slightly better than vSB1-004 and
vSB1-006, and the vHVT304 performed slightly better than
vHVT302, indicating that different characteristics of the con-
structs are playing a role in the performances of MDV-based
vector vaccines.

In conclusion, the results of this study showed that ND
protection levels induced by Marek’s disease vectors express-
ing NDV F gene may depend on different parameters includ-
ing the vector, the locus of insertion, the F gene, the promoter,
the poly-adenylation site and the challenge conditions.

Example 22

Efficacy of Double HVT-ND+IBD vHVT304 and
vHVT306 Vaccines Against Challenges with NDV
Texas GB Strain at 14 and/or 28 Days of Age in SPF
Chickens

The aim of the study was to assess the efficacy of HV'T-
vectored vaccine expressing both NDV F and IBDV VP2
genes against Newcastle disease challenge (Texas GB strain,
genotype 1) performed at 14 and/or 28 days of age in SPF
chickens.

The characteristics of the 2 recombinant vaccine candi-
dates tested in this study are described in the Table 34 below.
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TABLE 34

Characteristics of the recombinant vaccine
candidates used in this study

Parental
Name virus Promoter F gene Poly-A Locus
vHVT304 vHVTI3 SV40 Opt-VIId  Synthetic IG2
vHVT306 vHVTI3 SV40 Opt-VIId ~ Synthetic SORF3-US2

On DO, 90 one-day-old SPF chickens were randomly allo-
cated into 3 groups of 15 birds (Gla to G3a challenged at
D14) and 3 groups of 15 birds (G1b to G3b challenged at
D28). The birds were injected by subcutaneous injection in
the neck at DO with 0.2 mL containing a target dose of 2000
pfu for recombinant vaccines. The design of the study is
shown in Table 35 below. The birds were challenged by the
intramuscular route on D14 or D28 with a target dose of 4.0
log 10 EID50 (0.1 mL) velogenic ND Texas GB (genotype 1I)
strain.

TABLE 35

Results of ND efficacy

% ND protection % ND protection
Vaccine at after ND challenge  after ND challenge
Group day-old (D 0) at 14 days of age at 28 days of age
Gla & 1b — 0% 0%
G2a & 2b vHVT304 26.7% 92.9%
G3a & 3b vHVT306 33.3% 86.7%

Each group was monitored before and after challenge.
NDV clinical signs after challenge were recorded. One bird
died in G2b before challenge reducing the number of birds
from 15 to 14 in this group.

Percentages of clinical protection (including protection
against both mortality and morbidity) are reported in Table 35
above. Full susceptibility was observed in the non-vaccinated
challenged control group Gla and G1b thus validating the
high severity of challenge. Protections levels after challenge
at D14 were much lower than those obtained after challenge
at D28. These vaccine candidates had the same NDV F
expression cassette inserted into 2 different loci of vHVT13
genome. They performed equally in terms of ND protection in
the tested conditions, indicating that both insertion loci (IG2
and SORF3-US2) are equally suitable for NDV F cassette
insertion.

In conclusion, the results of this study showed that ND
protection levels induced by Marek’s disease vectors express-
ing NDV F gene depend on different parameters including the
vector, the locus of insertion, the F gene, the promoter, the
poly-adenylation site and the challenge conditions.

Example 23

ND Early Efficacy Induced by Double
HVT-ND+IBD (vHVT302, vHVT303, and
vHVT304) or SB1-Vectors (vSB1-006 and

vSB1-007) in One Day-Old SPF Chickens Against a

Velogenic Genotype V NDV Challenge

The objective of the study was to evaluate the efficacy of
three double HVT-ND+IBD (vHVT302, vHVT303, and
vHVT304) and two SB1-ND vectors (vSB1-006 and vSB1-
007) in one day-old SPF chickens against a velogenic geno-
type V (Chimalhuacan) NDV challenge performed at D14.
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The characteristics of the 5 recombinant vaccine candi-
dates tested in this study are described in Table 36 below.

TABLE 36

Characteristics of the recombinant vaccine
candidates used in this study

Parental
Name virus Promoter F gene Poly-A Locus
vHVT302 vHVT13 US10 Opt-VIId  US10 Us10
vHVT303 vHVT13 US10 Opt-V Us10 Us10
(CA02)
vHVT304 vHVT13 SV40 Opt-VIId  Synthetic 1G2
vSB1-006 SB-1 SV40 Opt-VIId  Synthetic UL55/
LORF5
vSB1-007 SB-1 SV40 Opt-VIId  (endogeneous  gC
from gC gene)

Six groups (1 and 2) of ten one-day-old specific pathogen
free (SPF) white Leghorn chicks were randomly constituted.
Birds from groups 2 to 6 were vaccinated by the subcutaneous
route (nape of the neck) with a target dose of 2000 PFU as
shown in the Table 37 below. Chickens from group 1 were not
vaccinated and were kept as control birds. At 2 week-of-age,
all birds were challenged with the genotype V Mexican Chi-
malhuacan (Mex V) velogenic NDV strain. The challenge
was performed by the intramuscular (IM) route using 10° Egg
Infectious Dose 50 (EID50) diluted in 0.2 ml of physiological
sterile water. All birds were monitored until 14 days post-
challenge. After challenge, health status of each bird was
scored daily as follows: healthy/with specific symptoms
(ruffled feathers, prostration, torticollis, tremor)/dead. Any
bird that showed specific symptoms for more than 2 days or
was noted sick on D28 was taken into account for calculation
of morbidity.

TABLE 37

Results of early ND protection induced by different MDV vectored
candidates expressing NDV F gene in SPF day-old chicks

Target dose
(PFU) under Protection  Protection
0.2 mL against against

Group Vaccine (actual dose) mortality  morbidity
Gl — — 0% 0%
G2 vHVT302 2000 (4427) 50% 10%
G3 vHVT303 2000 (ND) 10% 0%
G4 vHVT304 2000 (1169) 80% 60%
G5 vSB1-006 2000 (1720) 60% 40%
G6 vSB1-007 2000 (1564) 80% 50%

Results of protection are summarized in Table 37. All con-
trol birds died after ND challenge. Variable levels of ND
protection were induced by the different tested vaccines rang-
ing from 10% to 80% and from 0% and 60% in terms of
protection against mortality and morbidity, respectively. The
vHVT304 candidate induced a better protection than the
vHVT303 and vHVT302 candidates; this may be due to the
exogenous SV40 promoter placed in front of the NDV F gene.
The vSB1-007 performed slightly better than the vSB1-006.
Furthermore, performances obtained with vHVT304 were
comparable to those obtained with vSB1-007 indicating that
different Marek’s disease vectors can reach the same level of
ND protection.

In conclusion, this study demonstrates that both double
HVT-ND+IBD and SB1-ND vectored vaccines can reach
significant levels of ND protection in a very severe and early
NDV challenge model.
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Example 24

ND Efficacy Induced by the Double HVIT-ND+IBD
vHVT306 Administered by in Ovo or SC Route to
One Day-Old SPF Chickens Against a Velogenic
Genotype V NDV Challenge Performed at D28

The objective of the study was to evaluate the efficacy of
one double HVT-ND+IBD (vHVT306) administered by the
in ovo or SC route to SPF chickens against a velogenic geno-
typeV (Chimalhuacan) NDV challenge performed at 28 days
of age.

The characteristics of the vHVT306 recombinant vaccine
candidate tested in this study are described in Table 38 below.
The single HVT-IBD vector vaccine vVHVT13 was used as a
control.

TABLE 38
Characteristics of the recombinant vaccine
candidate used in this study
Parental
Name virus Promoter F gene Poly-A Locus
vHVT306 vHVT13 SV40 Opt-VIId  Synthetic ~SORF3-US2

On day -3, 40 SPF embryonated eggs aged around 18 days
and 18 hours of incubation were randomly allocated into 2
groups of 20 eggs each. On DO, one group of 12 day-old SPF
chicks was added. The definition of groups is given in Table
39 below. The vaccination was performed on D-3 (in ovo
route) or on DO (SC route, in the back of the neck) and the
target dose of vVHVT306 and vHVT13 was 2000 PFU/bird.
For the in ovo route, hatchability, viability (until D28) and
growth of the birds (between hatching and D28) were moni-
tored.

On D28, 10 birds per group were challenged with virulent
ND Chimalhuacan strain. The challenge was performed by
the intramuscular (IM) route using 10° Egg Infectious Dose
50 (EIDS50) diluted in 0.2 ml of physiological sterile water.
Birds were monitored until 14 days post-challenge. Specific
clinical signs and mortality were recorded. Any bird that
showed specific symptoms for more than 2 days or was noted
sick on D42 was taken into account for calculation of mor-
bidity. Five and seven days post-challenge (i.e. on D33 and
D35), oropharyngeal swab was taken from each surviving
bird. All the swabs were analyzed by specific NDV qRT-PCR.

TABLE 39
Results of ND protection induced by vHVT306 MDV vectored
candidate expressing both NDV F and IBDV VP2 genes administered
by the SC or in ovo route into SPF chicks
Protection % birds shedding
against at 5 dpi/7 dpi
Vaccine/ Hatchability/ — mortality/ (mean log 10
Group route viability (%)  morbidity titer*)
Gl vHVTI13/  100%/100% 0%/0% (not tested)
in ovo
G2 vVHT306/ 100%/100% 100%/100% 0% (2.7)/0% (2.7)
in ovo
G3 vHVT306/ — 100%/100% 20% (3.2)/10% (2.9)
SC

*The threshold titer of the real time RT PCR was set at 2.7 logl 0 equivalent EIDS0

Full hatchability was recorded after in ovo vaccination in
groups 1 and 2 and all hatched birds survived up to D28. No
difference in body weights was detected between the two
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groups at both DO and D28 confirming the perfect safety of
vHVT306 when administered in ovo. Results of protection
are summarized in Table 39. All vHVT13-vaccinated control
birds died by 4 days after ND challenge. Full clinical ND
protection was induced by vHVT306 administered by both
routes. Furthermore, no shedding was detected after in ovo
administration whereas only a few birds shed detectable
amount of challenge virus after SC administration.

In conclusion, this study demonstrates that the double
HVT-ND+IBD vHVT306 induce excellent level of ND pro-
tection by SC or in ovo administration routes in a very severe
heterologous NDV challenge model.

Example 25

Efficacy of Double HVT-ND+IBD (vHVT302,
vHVT303 and vHVT304) Recombinant Vaccines,
Against Challenge with a Classical IBDV Isolate on
D15 in SPF Chickens

The aim of the study was to assess the early IBD efficacy of
double HVT recombinants vHVT302, vHVT303 and
vHVT304 recombinant constructs against a virulent infec-
tious bursal disease virus (vVIBDV) challenge (Faragher 52/70
strain) performed at 15 days of age in SPF chickens.

The characteristics of the 3 double HVT-ND+IBD recom-
binant vaccine candidates tested in this study are described in

the Table 40 below.
TABLE 40
Characteristics of the expression cassettes
of double HVT recombinants
Parental
Name virus Promoter F gene Poly-A Locus
vHVT302 vHVT13 US10 Opt-VIId  US10 Us10
vHVT303 vHVT13 US10 Opt-V Us10 Us10
(CA02)
vHVT304 vHVTI3  SV40 Opt-VIId  Synthetic 1G2

On DO, 40 one-day-old SPF chickens were randomly allo-
cated into 4 groups of 10 birds including one control groups
(G1) that was vaccinated with vSB1-004, a SB-1 vector
expressing NDV F gene. Five other SPF birds were kept
unvaccinated and unchallenged for bursal/body weights
evaluation. The birds were injected by subcutaneous injection
in the neck at DO with 0.2 mL of recombinant vaccines con-
taining a target dose of 2000 pfu as described in the Table 41
below. On D15, blood sample was collected from all birds per
group (10 birds per group except for groups 1 and 3 in which
1 bird died before blood sampling) for serological testing
with the Kit ProFLOK® plus IBD (Synbiotics Corp). On
D15, birds from all 4 groups were challenged by the eye drop
(0.05 mL per bird) with 2.5 log 10 EID50.

TABLE 41
Study design and results of IBD efficacy
ELISA Number Mean
Vaccine at  IBD+ titer Dead/Sick % bursal/body
Group  day-old (log10) (total)* protection®?  weight ratio®
Gl vSB1-004 0.25 1/9 (9) 0% 0.0014
G2 vHVT302 2.6 0/1 (10) 80% 0.0043
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TABLE 41-continued

Study design and results of IBD efficacy

ELISA Number Mean

Vaccine at  IBD+ titer Dead/Sick % bursal/body

Group  day-old (logl0) (total)* protection”  weight ratio®
G3 vHVT303 3.0 0/0 (9) 100% 0.0053
G4 vHVT304 2.4 0/0 (10) 80% 0.0034

'Birds sick for more than 2 days or still sick on D 25 were considered as sick. The number
in brackets is the total number of birds in the group that were challenged.
Protection against clinical signs and severe bursal lesion (bursal score <3)

“The bursal/body weight ratio of the unvaccinated/unchallenged group was 0.0043.

Each group was monitored before and after challenge.
IBDV clinical signs were recorded for 11 days after challenge
(from D15 to D25). At the end of the post-challenge obser-
vation period (D25), all the surviving birds were euthanized
and necropsied. Body and bursal weights were recorded.
Each bursa of Fabricius (BF) was weighted then stored in
individual recipients containing 4% formaldehyde for histol-
ogy. Histological lesions of the bursa were scored according
to the scale presented in Table 42.

TABLE 42

Scoring scale of histological lesions of the bursa of Fabricius*

Score  Histology observation/lesions

0 No lesion, normal bursa

1 1% to 25% of the follicles show lymphoid depletion (i.e.
less than 50% of depletion in 1 affected follicle),
influx of heterophils in lesions

2 26% to 50% of the follicles show nearly complete lymphoid
depletion (i.e. more than 75% of depletion in 1 affected
follicle), affected follicles show necrosis and severe
influx of heterophils may be detected

3 51% to 75% of the follicles show lymphoid depletion;
affected follicles show necrosis lesions and a severe
influx of heterophils is detected

4 76% to 100% of the follicles show nearly complete
lymphoid depletion; hyperplasia and cyst structures are
detected; affected follicles show necrosis and severe
influx of heterophils is detected

5 100% of the follicles show nearly complete lymphoid
depletion; complete loss of follicular structure,
thickened and folded epithelium, fibrosis of bursal
tissue

*sourced from Monograph No. 01/2008: 0587 of EU Pharmacopoeia “Avian Infectious
Bursal Disease vaccine (live)

A bird was considered as affected if it died and/or showed
notable sign of disease and/or severe lesions of the bursa of
Fabricius (i.e., histology score 3).

The mean ELISA IBD+ antibody titer expressed in log 10
before challenge is shown in Table 41. Significant titers were
detected in all vaccinated groups that were significantly
higher than that of the control group G1. The serology titer
was slightly higher in G3 (VHVT303).

Severe clinical signs were observed after challenge in all 9
birds of the control group G1, which lead to the death of 1
bird. Only one vaccinated bird in G2 (vVHVT302) showed
clinical signs after challenge. Percentages of protection
against severe bursal lesions are shown in Table 41 above.
Significant IBD protection was observed in all vaccinated
groups, a full protection being observed in G3 (VHVT303).
The mean bursal/body weight ratios are also shown in Table
41. Ratios in all vaccinated groups were higher than those of
the challenged control group G1 and not significantly differ-
ent from the unvaccinated and unchallenged control group.
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In conclusion, these data indicate that the three double
HVT-IBD+ND tested in this study induced IBD antibodies
and early IBD protection in a severe IBDV challenge model.

Example 26 5

Efficacy of Five Different HV'T-ND Vaccine
Candidates Against Challenges with Velogenic NDV
ZJ1 (Genotype VIId) Isolate at 14 Days of Age in
SPF Chickens 10
The aim of the study was to assess the efficacy of 5 single
HVT recombinant constructs (vVHVT39, vHVTI110,
vHVT111,vHVT112 and vHVT113) expressing the NDV F
gene against Newecastle disease challenge with velogenic
NDV ZJ1 (genotype VIId) isolate performed at 14 days of age
in SPF chickens.
The characteristics of these 5 vaccine candidates are
described in Table 43 below.

20
TABLE 43
Characteristics of the HVT-ND recombinant
viruses used in the challenge study
Parental 5
Name virus Promoter F gene* Poly-A Locus
vHVTO39 HVT MDV gB Wtnm-Texas SV40 1G1
vHVT110 HVT MCMV IE Wit-VIId SV40 1G1
vHVT111 HVT SV40 Wit-VIId SV40 1G1
vHVT112 HVT MCMV IE Wt-YZCQ SV40 1G1
vHVTI13 HVT MCMVIE WtTexas  SV40 IG1 30

*Wt means that the wild type velogenic F gene sequence was used but the cleavage site was
modified to that of a lentogenic virus. Wtnm means that the cleavage site of the wild type
sequence was not modified. The Texas velogenic strain belongs to genotype IV and YZCQ
to the genotype VIId.

On DO, 72 one-day-old SPF chickens were randomly allo-
cated into 5 groups of 12 birds (vaccinated) and 1 group of 12
birds (non-vaccinated controls). The birds were injected by
subcutaneous injection in the neck at DO with 0.2 mL of
recombinant vaccines containing a target dose of 6000 pfu as
described in Table 44 below. The birds were challenged by the
intramuscular route on D14 with 5 log 10 EID50 of NDV
7.J1/2000 (genotype VIId) velogenic strain.

35

TABLE 44

45
Results of ND efficacy

% clinical protection

Protection
against Mean shedding 50
Vaccine at mortality/ titer (logl0)
Group day-old (D 0) morbidity at 2/4 dpi
Gl — 0%/0% 3.5/—
(all dead)
G2 vHVTO039 25%/8% 2.5/4.8
G3 vHVT110 100%/83% 1.8/2.0 55
G4 vHVT111 100%/67% 1.8/2.8
G5 vHVT112 75%/42% 1.7/3.4
Go6 vHVT113 83%/25% 1.4/3.3

Each group was monitored before and after challenge. 60
NDV clinical signs and mortality were recorded after chal-
lenge. Oropharyngeal swabs were taken at 2 and 4 days post-
infection (dpi) for evaluation of viral load by real time RT-
PCR using the method described by Wise et al. (2004;
Development of a Real-Time Reverse-Transcription PCR for 65
Detection of Newcastle Disease Virus RNA in Clinical
Samples. J Clin Microbiol 42, 329-338).

54

Percentages of protection against mortality and morbidity
are reported in the table 44 above. Full susceptibility was
observed in the non-vaccinated challenged control group G1
thus validating the high severity of the challenge. Vaccines
induced variable levels of protection against mortality (25-
100%) or against morbidity (8%-83%). The best protection
level was induced by vHVT110 whereas the lowest one was
induced by vHVTO039, the other candidates giving interme-
diate results. Results of oropharyngeal shedding at 2 and 4 dpi
are also shown in Table 44 above and are in line with those of
clinical protection. These vaccine candidates differ in their
promoter and F gene sequence. These results show that both
of these parameters are important for the design of optimal
HVT-ND vaccine candidate.

In conclusion, the results of this study showed the impor-
tance of promoter and F gene sequence in the ND efficacy
induced by HVT-vectored ND vaccine candidates.

Example 27

Evaluation of the Newcastle Discase Efficacy
Induced by Double SB1 Constructs Expressing
IBDV VP2 and NDV F

The aim of the study is to assess the efficacy of double SB1
constructs expressing IBDV VP2 and NDV F against New-
castle disease challenge.

On DO, one-day-old SPF chickens are randomly allocated
into several groups of 10-20 birds, including vaccinated and
non-vaccinated groups. The birds of the vaccinated groups
are injected by subcutaneous injection in the neck at DO with
0.2 ml containing a target dose of 1000 to 5000 pfu of
recombinant vaccines. Alternatively, the same dose in 0.05
ml, may be administered in ovo 2 or 3 days before hatch. The
birds (at least one vaccinated and one non vaccinated group)
are challenged by the intramuscular route at different time
after vaccination: for instance, D14, D28 or D42 with about
4.01og 10 EID50 (0.1 mL) of a velogenic NDV strain such as
Texas GB (genotype I1), ZJ1 (genotype VIId), Chimalhuacan
(genotype V) strain.

Each group is monitored clinically before and after chal-
lenge. NDV clinical signs (morbidity) and mortality are
recorded after challenge. Percentages of clinical protection in
all groups are calculated. At least 90% of non-vaccinated
challenged SPF birds should die or be severely sick after
challenge to validate the severity of challenge. Oropharyn-
geal and cloacal swabs can be samples at different times after
challenge such as 3, 5, 7 and 9 days post-challenge and the
viral load can be estimated by real-time RT-PCR. The best
candidates will be those who induced the highest level of
clinical protection and the lowest level of viral load in the
swabs. A similar study can be performed in broilers contain-
ing NDV maternal antibodies; however, these maternal anti-
bodies may potentially protect the non-vaccinated birds if the
challenge is performed early. The double SB1 construct may
also be tested in combination with other Marek’s disease
vaccine or vector vaccines.

Example 28
Evaluation of the Infectious Bursal Disease Efficacy
Induced by Double SB1 Constructs Expressing
IBDV VP2 and NDV F

The aim of the study is to assess the IBD efficacy of double
SB1 expressing both the IBDV VP2 and the NDV F.
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One-day-old SPF chickens are randomly allocated into
several groups of 10 to 20 birds including vaccinated and
non-vaccinated controls. Non-vaccinated controls will be
separated into 2 subgroups including challenged and unchal-
lenged birds. The birds of vaccinated groups are injected by
subcutaneous injection in the neck at DO with 0.2 mL of
vaccines containing each a target dose of 1000 to 5000 ptu.
Alternatively, the same dose in 0.05 m[L may be administered
in ovo 2 or 3 days before hatch. At different times after
vaccination such as 14, 21, 28 or 42 days post-vaccination, all
birds from vaccinated groups and the challenged controls are
challenged by the eye drop (0.03 mL containing 2 to 4 log 10
EIDS50 per bird) of a virulent IBDV (such as the Faragher or
the US standard strain), a very virulent IBDV such as the
91-168 isolate or a variant IBDV isolate such as the US
Delaware variant E isolate. Each group is clinically moni-
tored before and after challenge. Birds can be necropsied 4 or
5 days post-challenge for bursal gross lesions evaluation.
They can also be necropsied 10 to 11 days post-challenge.
Gross and/or histological lesions can be evaluated. Further-
more, birds and bursa are weighed the bursal/body weight.
ratios (bursa weight/body weight ratiox100) are calculated
compared to those of the non-vaccinated unchallenged group.
Control SPF challenged birds must show clinical signs and/or
have significant gross and/or histological lesions, and/or
should have a bursal/body weight ratio significantly lower
than the unvaccinated unchallenged control birds to validate
the severity of challenge. The efficacy of the vaccine is evalu-
ated by comparing these parameters with unvaccinated/chal-
lenged and unvaccinated/unchallenged groups. Such study
may be performed in broiler chickens containing IBDV
maternal antibodies; however, these maternal antibodies may
potentially protect the non-vaccinated birds if the challenge is
performed early. The double SB1 construct may also be tested
in combination with other Marek’s disease vaccine or vector
vaccines.

Example 29

Evaluation of the Marek’s Disease Efficacy Induced
by Double SB1 Constructs Expressing IBDV VP2
and NDV F

The aim of'the study is to evaluate Marek’s disease efficacy
induced by the SB1 vectors expressing both IBDV VP2 and
NDVF.

One-day-old SPF chickens are randomly allocated into
several groups of 20 to 50 birds including vaccinated and
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non-vaccinated controls. Non-vaccinated controls may be
separated into 2 subgroups including challenged and unchal-
lenged birds. The birds of vaccinated groups are injected by
subcutaneous injection in the neck at DO with 0.2 mL of
vaccines containing each a target dose of 1000 to 5000 ptu.
Alternatively, the same dose in 0.05 m[. may be administered
in ovo 2 or 3 days before hatch. At different times after
vaccination such as 3 to 10 days post-vaccination, all birds
from vaccinated groups and the challenged controls are chal-
lenged by the intraperitoneal route with 0.2 mL. of a Marek’s
disease virus (MDV) strain. MDV strain may be of several
pathotypes such as virulent MDV (vMDV) including the JM
or GA22 isolate, very virulent MDV (vwvMDV) such as the
RB-1B or Md5 isolate, very virulent plus (vv+MDV) such as
the T-King or 648A isolate. MDV challenge strain inoculum
are prepared by infecting chickens, harvesting and freezing
their blood cells into liquid nitrogen in presence of a cryo-
preservative such as DMSO. The chicken infectious dose 50
(CID50) is established for each challenge batch before per-
forming vaccination/challenge studies. Each group is clini-
cally monitored before and after challenge. Birds are necrop-
sied after at least 7 weeks post-vaccination and the presence
Marek’s disease gross lesions is checked in each bird. Lesions
might include, but not be limited to, the following: liver, heart,
spleen, gonads, kidneys, nerve and muscle lesions. Such
study may be performed in broiler chickens containing MDV
maternal antibodies. The double SB1 construct may also be
tested in combination with other Marek’s disease vaccine (for
instance HVT and or CVI988 Rispens strains) or MD vector
vaccines. MD challenge may also be performed by contact
between vaccinated birds and MDYV infected non-vaccinated
SPF chicks.

Having thus described in detail preferred embodiments of
the present invention, it is to be understood that the invention
defined by the above examples is not to be limited to particu-
lar details set forth in the above description as many apparent
variations thereof are possible without departing from the
spirit or scope of the present invention.

All documents cited or referenced herein (“herein cited
documents™), and all documents cited or referenced in herein
cited documents, together with any manufacturer’s instruc-
tions, descriptions, product specifications, and product sheets
for any products mentioned herein or in any document incor-
porated by reference herein, are hereby incorporated herein
by reference, and may be employed in the practice of the
invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 47
<210>
<211>
<212>
<213>
<220>

<223>

SEQ ID NO 1
LENGTH: 1665
TYPE: DNA
ORGANISM:
FEATURE:

artificial sequence

<400> SEQUENCE: 1

atgggcageca agcccagcac aagaatccca gecccecctga tgctgatcac ccgcatcatg

ctgatcctgyg getgeatcag acccacaage tcectggatg gacgcccect ggecgetgece

ggcatcgtgg tgaccggcega caaggecgtyg aacgtgtaca ccagcageca gaccggceage

OTHER INFORMATION: NDV-F VIId codon-optimized DNA sequence

60
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180
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-continued
atcatcgtga agctgctgcce caacatgecce agagacaaag aggcctgege caaggecccce 240
ctggaagcct acaacagaac cctgaccacce ctgctgacce cectgggega cagcatcaga 300
aagatccagg gctceegtgag cacaagegge ggaggaaage agggcagact gatcggegece 360
gtgatcggeca gegtggcecct gggagtggcet acagcetgece agattaccge tgcagccgece 420
ctgatccagg ccaaccagaa cgccgccaac atcctgagac tgaaagagag cattgecgece 480
accaacgagg ccgtgcacga agtgaccgac ggectgagece agetgtceegt ggeegtggge 540
aagatgcagce agttcgtgaa cgaccagttce aacaacaccyg ccagagagcet ggactgcate 600
aagatcacce agcaggtggg cgtggagetg aacctgtace tgaccgaget gaccacagtg 660
tteggeccee agatcacaag cccagecectg acacagcetga ccatccagge cctgtacaac 720
ctggetggeg gcaacatgga ctatctgetg acaaagetgg gaatcggcaa caaccagcetg 780
tccagectga tceggaagegg cctgatcacce ggctacceca tectgtacga cagccagaca 840
cagctgetgg gcatccaggt gaacctgecce agegtgggea acctgaacaa catgegegece 900
acctacctgg aaaccctgag cgtgtccacce accaaggget acgccagege cctggtgece 960
aaggtggtga cacaggtggg cagcgtgatc gaggaactgg acaccagcta ctgcatcgag 1020
agcgacctgg acctgtactg caccagaatc gtgaccttcecce caatgagccce cggcatctac 1080
agctgectga gceggcaacac cagcgectge atgtacagea agaccgaagyg cgcactgaca 1140
acaccctaca tggccctgaa gggaagegtg atcgccaact gcaagatcac cacctgcaga 1200
tgcaccgace ccccaggcat catcagecag aactacggeg aggccgtgag cctgatcgat 1260
cgccattect gtaacgtget gteccctggac ggcatcacac tgagactgag cggcgagttce 1320
gatgccacct accagaagaa catcagcatc ctggacagcec aggtgatcgt gaccggcaac 1380
ctggacatca gcaccgagct gggcaacgtg aataacagca tcagcaacgce cctggacaga 1440
ctggccgaga gcaacagcaa gctggaaaaa gtgaacgtge gectgacatce cacttccget 1500
ctgatcacct acatcgtgcect gaccgtgatc agecctggtgt teggcgceccct gagectggtg 1560
ctggcctget acctgatgta caagcagaag gcccagcaga aaaccctget gtggetgggce 1620
aacaacaccc tggaccagat gagagccacc accagagcect gatga 1665

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 2
H: 553
PRT

<213> ORGANISM: artificial sequence

<220> FEATU

<223> OTHER INFORMATION: NDV-F protein sequence

VIId

RE:

gene

<400> SEQUENCE: 2

Met Gly Ser
1

Thr Arg Ile
Asp Gly Arg
35

Ala Val Asn
50

Leu Leu Pro
65

Leu Glu Ala

Lys Pro Ser Thr Arg

5

Met Leu Ile Leu Gly

20

Pro Leu Ala Ala Ala

40

Val Tyr Thr Ser Ser

55

Asn Met Pro Arg Asp

70

Tyr Asn Arg Thr Leu

85

Ile

Cys

25

Gly

Gln

Lys

Thr

Pro
10

Ile

Ile

Thr

Glu

Thr
90

Ala

Arg

Val

Gly

Ala

75

Leu

Pro Leu Met

Pro Thr Ser
30

Val Thr Gly
45

Ser Ile Ile
60

Cys Ala Lys

Leu Thr Pro

from codon-optimized

Leu Ile
15

Ser Leu

Asp Lys

Val Lys

Ala Pro

80

Leu Gly
95
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60

Asp

Lys

Asn
145

Thr

Thr

Glu

Ile

225

Leu

Asn

Pro

Leu

Thr

305

Lys

Tyr

Phe

Ala

Ala

385

Cys

Ser

Thr

Ser

Thr
465

Leu

Ser

Ser

Gln

Ala

130

Gln

Asn

Ala

Ala

Leu

210

Thr

Ala

Asn

Ile

Pro

290

Leu

Val

Cys

Pro

Cys

370

Leu

Thr

Leu

Leu

Ile

450

Glu

Ala

Thr

Phe

Ile

Gly

115

Thr

Asn

Glu

Val

Arg

195

Asn

Ser

Gly

Gln

Leu

275

Ser

Ser

Val

Ile

Met

355

Met

Lys

Asp

Ile

Arg

435

Leu

Leu

Glu

Ser

Gly

Arg

100

Arg

Ala

Ala

Ala

Gly

180

Glu

Leu

Pro

Gly

Leu

260

Tyr

Val

Val

Thr

Glu

340

Ser

Tyr

Gly

Pro

Asp

420

Leu

Asp

Gly

Ser

Ala
500

Ala

Lys

Leu

Ala

Ala

Val

165

Lys

Leu

Tyr

Ala

Asn

245

Ser

Asp

Gly

Ser

Gln

325

Ser

Pro

Ser

Ser

Pro

405

Arg

Ser

Ser

Asn

Asn
485

Leu

Leu

Ile

Ile

Gln

Asn

150

His

Met

Asp

Leu

Leu

230

Met

Ser

Ser

Asn

Thr

310

Val

Asp

Gly

Lys

Val

390

Gly

His

Gly

Gln

Val
470
Ser

Ile

Ser

Gln

Gly

Ile

135

Ile

Glu

Gln

Cys

Thr

215

Thr

Asp

Leu

Gln

Leu

295

Thr

Gly

Leu

Ile

Thr

375

Ile

Ile

Ser

Glu

Val

455

Asn

Lys

Thr

Leu

Gly

Ala

120

Thr

Leu

Val

Gln

Ile

200

Glu

Gln

Tyr

Ile

Thr

280

Asn

Lys

Ser

Asp

Tyr

360

Glu

Ala

Ile

Cys

Phe

440

Ile

Asn

Leu

Tyr

Val

Ser

105

Val

Ala

Arg

Thr

Phe

185

Lys

Leu

Leu

Leu

Gly

265

Gln

Asn

Gly

Val

Leu

345

Ser

Gly

Asn

Ser

Asn

425

Asp

Val

Ser

Glu

Ile
505

Leu

Val

Ile

Ala

Leu

Asp

170

Val

Ile

Thr

Thr

Leu

250

Ser

Leu

Met

Tyr

Ile

330

Tyr

Cys

Ala

Cys

Gln

410

Val

Ala

Thr

Ile

Lys
490

Val

Ala

Ser

Gly

Ala

Lys

155

Gly

Asn

Thr

Thr

Ile

235

Thr

Gly

Leu

Arg

Ala

315

Glu

Cys

Leu

Leu

Lys

395

Asn

Leu

Thr

Gly

Ser
475
Val

Leu

Cys

Thr

Ser

Ala

140

Glu

Leu

Asp

Gln

Val

220

Gln

Lys

Leu

Gly

Ala

300

Ser

Glu

Thr

Ser

Thr

380

Ile

Tyr

Ser

Tyr

Asn

460

Asn

Asn

Thr

Tyr

Ser

Val

125

Leu

Ser

Ser

Gln

Gln

205

Phe

Ala

Leu

Ile

Ile

285

Thr

Ala

Leu

Arg

Gly

365

Thr

Thr

Gly

Leu

Gln

445

Leu

Ala

Val

Val

Leu

Gly

110

Ala

Ile

Ile

Gln

Phe

190

Val

Gly

Leu

Gly

Thr

270

Gln

Tyr

Leu

Asp

Ile

350

Asn

Pro

Thr

Glu

Asp

430

Lys

Asp

Leu

Arg

Ile
510

Met

Gly

Leu

Gln

Ala

Leu

175

Asn

Gly

Pro

Tyr

Ile

255

Gly

Val

Leu

Val

Thr

335

Val

Thr

Tyr

Cys

Ala

415

Gly

Asn

Ile

Asp

Leu
495

Ser

Tyr

Gly

Gly

Ala

Ala

160

Ser

Asn

Val

Gln

Asn

240

Gly

Tyr

Asn

Glu

Pro

320

Ser

Thr

Ser

Met

Arg

400

Val

Ile

Ile

Ser

Arg
480
Thr

Leu

Lys
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62

515

Gln Lys Ala Gln Gln Lys Thr Leu Leu

530

520

535

Asp Gln Met Arg Ala Thr Thr Arg Ala
550

545

<210> SEQ ID NO 3
<211> LENGTH: 1662

<212> TYPE:

DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: NDV-F VIId

<400> SEQUENCE: 3

atgggctcca

ctgatattgg

ggaattgtag

atcatagtca

ttagaggcat

aagatccaag

gttattggca

ctaatacaag

accaatgaag

aagatgcagc

aaaatcacac

ttcegggecac

ttagctggtyg

agctegttaa

caactcttygg

acctatttgg

aaagtagtga

tcegatetgyg

tcetgtttga

acgccgtata

tgtacagacc

agacattcgt

gatgcaactt

cttgatatat

ttggcagaaa

ctcattacct

ttagcgtgtt

aataataccc

aaccttctac

getgtateceyg

taacaggaga

agttgctece

ataacagaac

ggtetgtgte

gtgtagctet

ccaaccagaa

ctgtgcatga

agtttgtcaa

aacaggttgg

agatcaccte

gcaatatgga

ttggtagcgg

gcatacaagt

agaccttatce

cacaagtcgg

atttatattg

geggcaacac

tggcccttaa

ctcctggtat

gcaatgtett

atcaaaagaa

caactgaact

gcaacagcaa

atattgttet

acctgatgta

tcgatcagat

<210> SEQ ID NO 4
<211> LENGTH: 553

<212> TYPE:

PRT

caggatccca

tccgacaage

taaggcagtc

gaatatgcce

actgactact

cacatctgga

tggggttgca

tgccgecaac

agtcaccgac

tgaccagttt

tgtagaactc

ccctgeatta

ttacttatta

cctgatcact

gaatttacce

tgtaagtaca

ttcegtgata

tactagaata

atcagcettge

aggctcagtt

catatcgcaa

atcattagac

catctcaata

tggaaacgtc

gctagaaaaa

aactgtcatt

caaacagaag

gagagccact

gcacctctga

tctettgacy

aatgtataca

agggataagg

ttgctcacte

ggaggcaagc

acagcggcac

atcctecgge

ggattatcac

aataatacgg

aacctatacc

actcagctga

actaagttag

ggttacccta

tcagtcggga

accaaaggat

gaagagcttyg

gtgacattce

atgtattcaa

attgccaatt

aattatggag

gggataactc

ctagattcte

aacaattcaa

gtcaatgtca

tctetagttt

gcacaacaaa

acaagagcat

<213> ORGANISM: artificial sequence

525

540

tgctgatcac

gcaggectet

cttegtetea

aggcgtgtgc

ctcttggega

aaggcegect

agataacagc

ttaaggagag

aactatcagt

cgcgagaatt

taactgaatt

ccatccagge

gtatagggaa

tactgtatga

acttaaataa

atgcctcage

acacctcata

ccatgteecee

agactgaagg

gtaaaataac

aagctgtatce

taaggctcag

aagtcatcgt

tcagcaatge

gactaaccag

tcggtgcact

agaccttget

ga

Trp Leu Gly Asn Asn Thr Leu

wildtype DNA sequence

ccggattatg

tgcagctgea

gacagggtca

aaaagcccca

ctccatcege

gataggtgcet

agctgeggece

cattgctgea

ggcagttggg

ggactgtata

gactacagta

actttataat

caatcaactc

ctcacagact

tatgcgtgee

acttgtceeg

ctgtatagag

aggtatttat

cgcactcact

aacatgtaga

cctgatagat

tggggaattt

gacaggcaat

cttggatagg

cacatctget

tagtctggty

atggcttggg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1662
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<220> FEATURE:
<223> OTHER INFORMATION: NDV-F protein from wildtype VIId DNA sequence

<400> SEQUENCE: 4

Met Gly Ser Lys Pro Ser Thr Arg Ile Pro Ala Pro Leu Met Leu Ile
1 5 10 15

Thr Arg Ile Met Leu Ile Leu Gly Cys Ile Arg Pro Thr Ser Ser Leu
20 25 30

Asp Gly Arg Pro Leu Ala Ala Ala Gly Ile Val Val Thr Gly Asp Lys
Ala Val Asn Val Tyr Thr Ser Ser Gln Thr Gly Ser Ile Ile Val Lys
50 55 60

Leu Leu Pro Asn Met Pro Arg Asp Lys Glu Ala Cys Ala Lys Ala Pro
65 70 75 80

Leu Glu Ala Tyr Asn Arg Thr Leu Thr Thr Leu Leu Thr Pro Leu Gly
85 90 95

Asp Ser Ile Arg Lys Ile Gln Gly Ser Val Ser Thr Ser Gly Gly Gly
100 105 110

Lys Gln Gly Arg Leu Ile Gly Ala Val Ile Gly Ser Val Ala Leu Gly
115 120 125

Val Ala Thr Ala Ala Gln Ile Thr Ala Ala Ala Ala Leu Ile Gln Ala
130 135 140

Asn Gln Asn Ala Ala Asn Ile Leu Arg Leu Lys Glu Ser Ile Ala Ala
145 150 155 160

Thr Asn Glu Ala Val His Glu Val Thr Asp Gly Leu Ser Gln Leu Ser
165 170 175

Val Ala Val Gly Lys Met Gln Gln Phe Val Asn Asp Gln Phe Asn Asn
180 185 190

Thr Ala Arg Glu Leu Asp Cys Ile Lys Ile Thr Gln Gln Val Gly Val
195 200 205

Glu Leu Asn Leu Tyr Leu Thr Glu Leu Thr Thr Val Phe Gly Pro Gln
210 215 220

Ile Thr Ser Pro Ala Leu Thr Gln Leu Thr Ile Gln Ala Leu Tyr Asn
225 230 235 240

Leu Ala Gly Gly Asn Met Asp Tyr Leu Leu Thr Lys Leu Gly Ile Gly
245 250 255

Asn Asn Gln Leu Ser Ser Leu Ile Gly Ser Gly Leu Ile Thr Gly Tyr
260 265 270

Pro Ile Leu Tyr Asp Ser Gln Thr Gln Leu Leu Gly Ile Gln Val Asn
275 280 285

Leu Pro Ser Val Gly Asn Leu Asn Asn Met Arg Ala Thr Tyr Leu Glu
290 295 300

Thr Leu Ser Val Ser Thr Thr Lys Gly Tyr Ala Ser Ala Leu Val Pro
305 310 315 320

Lys Val Val Thr Gln Val Gly Ser Val Ile Glu Glu Leu Asp Thr Ser
325 330 335

Tyr Cys Ile Glu Ser Asp Leu Asp Leu Tyr Cys Thr Arg Ile Val Thr
340 345 350

Phe Pro Met Ser Pro Gly Ile Tyr Ser Cys Leu Ser Gly Asn Thr Ser
355 360 365

Ala Cys Met Tyr Ser Lys Thr Glu Gly Ala Leu Thr Thr Pro Tyr Met
370 375 380

Ala Leu Lys Gly Ser Val Ile Ala Asn Cys Lys Ile Thr Thr Cys Arg
385 390 395 400
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Cys Thr Asp

Ser Leu Ile

Thr Leu Arg

435

Ser Ile Leu
450

Thr Glu Leu
465

Leu Ala Glu

Ser Thr Ser

Val Phe Gly

515

Gln Lys Ala
530

Asp Gln Met
545

<210> SEQ I
<211> LENGT.
<212> TYPE:

Pro Pro Gly Ile Ile

405

Asp Arg His Ser Cys

420

Leu Ser Gly Glu Phe

440

Asp Ser Gln Val Ile

455

Gly Asn Val Asn Asn
470

Ser Asn Ser Lys Leu

485

Ala Leu Ile Thr Tyr

500

Ala Leu Ser Leu Val

520

Gln Gln Lys Thr Leu

535

Arg Ala Thr Thr Arg
550

D NO 5
H: 1665
DNA

Ser Gln Asn
410

Asn Val Leu
425

Asp Ala Thr

Val Thr Gly

Ser Ile Ser
475

Glu Lys Val
490

Ile Val Leu
505
Leu Ala Cys

Leu Trp Leu

Ala

<213> ORGANISM: artificial sequence

<220> FEATU

<223> OTHER INFORMATION: NDV-F Ca02

RE:

<400> SEQUENCE: 5

atgggcagca

ctgatcctga

ggcatcgtgg

atcatcatca

ctggaagect

agaatccagg

atcatcggga

ctgattcagg

accaacgacg

aagatgcagc

aagatcgecc

tteggececee

ctggctggcg

tccagectga

cagctgetygyg

acctacctgg

aaggtggtga

agcgacatcg

agctgectga

agcccagcac

getgeatety

tgaccggega

agctgetgec

acaacagaac

gcagcgccac

gegtggeect

ccaatcagaa

cegtgeacga

agttcgtgaa

agcaggtggg

agatcacaag

gcaacatgga

thggtCng

gcatccagat

aaaccctgag

cacaggtggg

acctgtactg

geggcaacac

ctggatcage

ccccacaagce

caaggcegtyg

caacatgcce

cctgaccace

cacaagcggc

gggegtggee

cgcegecaac

agtgacaaac

caaccagtte

cgtggagctg

ccecegetety

ctatctgetyg

getgatcaca

caacctgeca

cgtgtecace

cagcgtgatce

caccagagtyg

cagecgectge

gtgaccctga

agcctggacyg

aacatctaca

aaggacaaag

ctgctgacce

ggaggaaagc

acagctgece

atcctgagac

ggactgtcce

aacaacaccg

aacctgtacc

acccagctga

actaagctgg

ggcaacccca

tcegtgggaa

accaagggct

gaggaactgg

gtgaccttee

atgtacagca

Tyr Gly Glu
Ser Leu Asp
430

Tyr Gln Lys
445

Asn Leu Asp
460

Asn Ala Leu

Asn Val Arg

Thr Val Ile

510

Tyr Leu Met
525

Gly Asn Asn
540

tgctgatcac
gcagaccect
ccagcageca
aggcctgege
cecctgggega
agggcagact
agattaccge
tgaaagagag
agctggetgt
ccagagagcet
tgaccgaget
caatccagge
gagtgggcaa
tcctgtacga
gectgaacaa
tegecagege
acaccagcta

caatgagccce

agaccgaagg

Ala Val
415

Gly Ile

Asn Ile

Ile Ser

Asp Arg

480
Leu Thr
495
Ser Leu

Tyr Lys

Thr Leu

codon-optimized DNA sequence

cagaaccatg

ggcegetgece

gaccggcage

caaggccecc

cagcatcaga

ggtgggcget

tgcagccgee

cattgeccgee

cgectgtegge

ggactgcatce

gaccacagtg

cctgtacaac

caaccagcetyg

cagccagaca

catgagagcc

cctggtgece

ctgcatcgag

cggcatctac

agcactgaca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140
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acaccctaca tggccctgaa gggaagegtg atcgccaact gcaagatgac cacctgcaga 1200
tgcgecgace ccccaggcat catcagecag aactacggeg aggccgtgag cctgatcgac 1260
aaacattcct gtagcgtgcet gteccctggat ggcatcacac tgagactgag cggcgagttce 1320
gacgccacct accagaagaa catcagcatc ctggacagcec aggtgatcgt gaccggcaac 1380
ctggacatca gcaccgagct gggcaacgtg aacaacagca tcagcagcac cctggacaag 1440
ctggecgagt ccaacaacaa gctgaacaaa gtgaacgtga acctgaccag cacaagcgcce 1500
ctgatcacct acatcgtgcect ggccatcgtg tcecctggect teggegtgat cagectggtg 1560
ctggcctget acctgatgta caagcagaga gcccagcaga aaaccctget gtggetgggce 1620
aataacaccc tggaccagat gagggccacc accagaacct gatga 1665

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 6
H: 553
PRT

<213> ORGANISM: artificial sequence

<220> FEATU

<223> OTHER INFORMATION: NDV-F protein sequence

CAOQ2

RE:

gene

<400> SEQUENCE: 6

Met Gly Ser
1

Thr Arg Thr

Asp Gly Arg

Ala Val Asn

50

Leu Leu Pro
65

Leu Glu Ala

Asp Ser Ile

Lys Gln Gly
115

Val Ala Thr
130

Asn Gln Asn
145

Thr Asn Asp

Val Ala Val

Thr Ala Arg
195

Glu Leu Asn
210

Ile Thr Ser
225

Leu Ala Gly

Asn Asn Gln

Lys Pro Ser Thr Trp

Met Leu Ile Leu Ser

20

Pro Leu Ala Ala Ala

Ile Tyr Thr Ser Ser

55

Asn Met Pro Lys Asp

70

Tyr Asn Arg Thr Leu

85

Arg Arg Ile Gln Gly

100

Arg Leu Val Gly Ala

120

Ala Ala Gln Ile Thr

135

Ala Ala Asn Ile Leu
150

Ala Val His Glu Val

165

Gly Lys Met Gln Gln

180

Glu Leu Asp Cys Ile

200

Leu Tyr Leu Thr Glu

215

Pro Ala Leu Thr Gln
230

Gly Asn Met Asp Tyr

245

Leu Ser Ser Leu Ile

260

Ile

Cys

25

Gly

Gln

Lys

Thr

Ser

105

Ile

Ala

Arg

Thr

Phe

185

Lys

Leu

Leu

Leu

Gly
265

Ser

10

Ile

Ile

Thr

Glu

Thr

90

Ala

Ile

Ala

Leu

Asn

170

Val

Ile

Thr

Thr

Leu
250

Ser

Val

Cys

Val

Gly

Ala

75

Leu

Thr

Gly

Ala

Lys

155

Gly

Asn

Ala

Thr

Ile
235

Thr

Gly

Thr Leu Met
Pro Thr Ser
30

Val Thr Gly
45

Ser Ile Ile
60

Cys Ala Lys

Leu Thr Pro

Thr Ser Gly

110

Ser Val Ala
125

Ala Leu Ile
140

Glu Ser Ile

Leu Ser Gln

Asn Gln Phe
190

Gln Gln Val
205

Val Phe Gly
220

Gln Ala Leu

Lys Leu Gly

Leu Ile Thr
270

from codon-optimized

Leu Ile
15

Ser Leu

Asp Lys

Ile Lys

Ala Pro
80

Leu Gly
95

Gly Gly

Leu Gly

Gln Ala

Ala Ala
160

Leu Ala
175

Asn Asn

Gly Val

Pro Gln

Tyr Asn
240

Val Gly
255

Gly Asn
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70

Pro Ile Leu
275

Leu Pro Ser
290

Thr Leu Ser
305

Lys Val Val

Tyr Cys Ile

Phe Pro Met

355

Ala Cys Met
370

Ala Leu Lys
385

Cys Ala Asp

Ser Leu Ile

Thr Leu Arg

435

Ser Ile Leu
450

Thr Glu Leu
465

Leu Ala Glu

Ser Thr Ser

Ala Phe Gly

515

Gln Arg Ala
530

Asp Gln Met
545

<210> SEQ I
<211> LENGT.
<212> TYPE:

Tyr Asp Ser Gln Thr

280

Val Gly Ser Leu Asn

295

Val Ser Thr Thr Lys
310

Thr Gln Val Gly Ser

325

Glu Ser Asp Ile Asp

340

Ser Pro Gly Ile Tyr

360

Tyr Ser Lys Thr Glu

375

Gly Ser Val Ile Ala
390

Pro Pro Gly Ile Ile

405

Asp Lys His Ser Cys

420

Leu Ser Gly Glu Phe

440

Asp Ser Gln Val Ile

455

Gly Asn Val Asn Asn
470

Ser Asn Asn Lys Leu

485

Ala Leu Ile Thr Tyr

500

Val Ile Ser Leu Val

520

Gln Gln Lys Thr Leu

535

Arg Ala Thr Thr Arg
550

D NO 7
H: 1362
DNA

Gln

Asn

Gly

Val

Leu

345

Ser

Gly

Asn

Ser

Ser

425

Asp

Val

Ser

Asn

Ile

505

Leu

Leu

Thr

<213> ORGANISM: artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 7

atgacaaacc

ccaacaaccg

gagacctcga

cctggattee

aagttcgatc

ctagtgagtce

aacggcacca

tgcaagatca

gaccggegte

cctacaattt

ctggctcaat

agatgctect

ggagtctcac

taaacgcegt

aacccaacag

cattcecggac

gactgtgggg

tgtgggtgct

gactgcccag

agtgaggtca

gaccttccaa

Leu

Met

Phe

Ile

330

Tyr

Cys

Ala

Cys

Gln

410

Val

Ala

Thr

Ile

Lys

490

Val

Ala

Trp

Leu

Arg

Ala

315

Glu

Cys

Leu

Leu

Lys

395

Asn

Leu

Thr

Gly

Ser

475

Val

Leu

Cys

Leu

attgtteegt

gacaccctgg

gacacagggt

cactacacac

aacctaccgg

agcacactcc

ggaagcctga

Gly Ile Gln
285

Ala Thr Tyr
300

Ser Ala Leu

Glu Leu Asp

Thr Arg Val

350

Ser Gly Asn
365

Thr Thr Pro
380

Met Thr Thr

Tyr Gly Glu

Ser Leu Asp

430

Tyr Gln Lys
445

Asn Leu Asp
460

Ser Thr Leu

Asn Val Asn

Ala Ile Val

510

Tyr Leu Met
525

Gly Asn Asn
540

IBDV DNA sequence encoding VP2

tcatacggag

agaagcacac

cagggctaat

tgcagagcaa

ccagctacaa

ctggtggcgt

gtgaactgac

Ile Asn

Leu Glu

Val Pro
320

Thr Ser
335

Val Thr

Thr Ser

Tyr Met

Cys Arg
400

Ala Val
415

Gly Ile

Asn Ile

Ile Ser

Asp Lys
480

Leu Thr
495

Ser Leu

Tyr Lys

Thr Leu

ccttetgatyg
tctcaggtca
tgtcttttte
tgggaactac
ctactgcaga
ttatgcacta

agatgttage

60

120

180

240

300

360

420
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tacaatgggt tgatgtctgc aacagccaac atcaacgaca aaattgggaa tgtcctggta 480
ggggaagggyg tcactgtcct cagectacce acatcatatg atcttgggta tgtgaggett 540
ggtgacccca ttecccgctat agggettgac ccaaaaatgg tagctacatg cgacagcagt 600
gacaggccca gagtctacac cataactgca gecgatgatt accaattctc atcacagtac 660
caaccaggtg gggtaacaat cacactgttc tcagccaaca ttgatgctat cacaagccte 720
agcattgggg gagagctegt gtttcaaaca agegtccaag gecttgtact gggegecace 780
atctacctta taggctttga tgggactgeg gtaatcacca gagctgtage cgcagataat 840
gggctgacgyg ccggcaccga caatcttatg ccattcaatce ttgtcattcc aaccaatgag 900
ataacccagce caatcacatc catcaaactg gagatagtga cctccaaaag tggtggtcag 960
gcaggggatc agatgtcatg gtcggcaagt gggagcctag cagtgacgat ccatggtgge 1020
aactatccag gggccecteceg tcccgtcaca ctagtagect acgaaagagt ggcaacagga 1080
tcegtegtta cggtegcectgg ggtgagtaac ttcgagetga ttccaaatcce tgaactagca 1140
aagaacctgg ttacagaata cggccgattt gacccaggag ccatgaacta cacaaaattg 1200
atactgagtg agagggaccg tcttggcatc aagaccgtct ggccaacaag ggagtacact 1260
gattttcgtg agtacttcat ggaggtggcc gacctcaact ctcccctgaa gattgcagga 1320
gcatttggct tcaaagacat aatccgggct ataaggaggt aa 1362

<210> SEQ ID NO 8
<211> LENGTH: 453

<212> TYPE:

PRT

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 8

Met Thr Asn Leu Gln

1

5

Asp Gln Thr

Ser Leu Leu Met Pro Thr Thr Gly

Leu Glu Lys

35

Val Gly Asp

50

Gly Ser Ile

65

Lys Phe Asp

Asn Tyr Cys

Leu Pro Gly
115

20

His Thr Leu Arg Ser

40

Thr Gly Ser Gly Leu

55

Val Gly Ala His Tyr

70

Gln Met Leu Leu Thr

85

Arg Leu Val Ser Arg

100

Gly Val Tyr Ala Leu

120

Phe Gln Gly Ser Leu Ser Glu Leu

130

Met Ser Ala

145

135

Thr Ala Asn Ile Asn
150

Gly Glu Gly Val Thr Val Leu Ser

Tyr Val Arg

Met Val Ala

165

Leu Gly Asp Pro Ile

180

Thr Cys Asp Ser Ser

Gln

Pro

25

Glu

Ile

Thr

Ala

Ser

105

Asn

Thr

Asp

Leu

Pro
185

Asp

Gln

10

Ala

Thr

Val

Leu

Gln

90

Leu

Gly

Asp

Lys

Pro
170

Ala

Arg

IBDV VP2 protein

Ile

Ser

Ser

Phe

Gln

75

Asn

Thr

Thr

Val

Ile

155

Thr

Ile

Pro

Val Pro Phe

Ile Pro Asp

30

Ile Arg
15

Asp Thr

Thr Tyr Asn Leu Thr

45

Phe Pro Gly Phe Pro

60

Ser Asn Gly Asn Tyr

Leu Pro Ala

Val Arg Ser
110

Ile Asn Ala

125

80

Ser Tyr
95

Ser Thr

Val Thr

Ser Tyr Asn Gly Leu

140

Gly Asn Val

Ser Tyr Asp

Gly Leu Asp

190

Arg Val Tyr

Leu Val
160

Leu Gly
175

Pro Lys

Thr Ile
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195

Thr Ala Ala
210

Val Thr Ile
225

Ser Ile Gly

Leu Gly Ala

Thr Arg Ala

275

Leu Met Pro
290

Ile Thr Ser
305

Ala Gly Asp

Ile His Gly

Ala Tyr Glu

355

Ser Asn Phe
370

Thr Glu Tyr
385

Ile Leu Ser
Arg Glu Tyr
Asn Ser Pro

435
Arg Ala Ile

450

<210> SEQ I
<211> LENGT.
<212> TYPE:

200

Asp Asp Tyr Gln Phe

215

Thr Leu Phe Ser Ala
230

Gly Glu Leu Val Phe

245

Thr Ile Tyr Leu Ile

260

Val Ala Ala Asp Asn

280

Phe Asn Leu Val Ile

295

Ile Lys Leu Glu Ile
310

Gln Met Ser Trp Ser

325

Gly Asn Tyr Pro Gly

340

Arg Val Ala Thr Gly

360

Glu Leu Ile Pro Asn

375

Gly Arg Phe Asp Pro
390

Glu Arg Asp Arg Leu

405

Thr Asp Phe Arg Glu

420

Leu Lys Ile Ala Gly

Arg Arg

D NO 9
H: 368
DNA

440

Ser

Asn

Gln

Gly

265

Gly

Pro

Val

Ala

Ala

345

Ser

Pro

Gly

Gly

Tyr

425

Ala

<213> ORGANISM: artificial sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 9

gaattcgage

ccaggetece

tgtggaaagt

tcagcaacca

geccattete

tcggectetyg

aaaaagct

<210> SEQ I

<211> LENGT.
<212> TYPE:

tcggtacage

cagcaggcag

ccccaggete

tagtccegec

cgceccatgyg

agctattcca

D NO 10
H: 1391
DNA

ttggctgtgg

aagtatgcaa

cccagecagge

cctaacteceg

ctgactaatt

gaagtagtga

Ser

Ile

Thr

250

Phe

Leu

Thr

Thr

Ser

330

Leu

Val

Glu

Ala

Ile

410

Phe

Phe

SV40 promoter

Gln

Asp

235

Ser

Asp

Thr

Asn

Ser

315

Gly

Arg

Val

Leu

Met

395

Lys

Met

Gly

aatgtgtgtc

agcatgcatc

agaagtatgc

cccatecege

ttttttattt

ggaggetttt

<213> ORGANISM: artificial sequence

205

Tyr Gln Pro
220

Ala Ile Thr

Val Gln Gly

Gly Thr Ala

270

Ala Gly Thr
285

Glu Ile Thr
300

Lys Ser Gly

Ser Leu Ala

Pro Val Thr

350

Thr Val Ala
365

Ala Lys Asn
380

Asn Tyr Thr

Thr Val Trp

Glu Val Ala
430

Phe Lys Asp
445

agttagggtg
tcaattagtce
aaagcatgca
ccctaactee
atgcagaggce

ttggaggect

Gly Gly
Ser Leu
240

Leu Val
255

Val Ile

Asp Asn

Gln Pro

Gly Gln
320

Val Thr
335

Leu Val

Gly Val

Leu Val

Lys Leu
400

Pro Thr
415

Asp Leu

Ile Ile

tggaaagtcc
agcaaccagg
tctcaattag
geccagttece
cgaggecgece

aggcttttge

60

120

180

240

300

360

368
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<220> FEATURE:
<223> OTHER INFORMATION: CMV-IE promoter

<400> SEQUENCE: 10

aactcegece

ctaatttgca

ccaagcggaa

taatggcgge

tggtgactca

tttcccatta

tacattgggt

ctcaataggg

gtgagtcaat

atcaacagga

ttttgcccag

agtacactga

gggtgagtca

aatgggtttt

ctggcacgta

aataggggtg

tttccattgg

cattattgge

aattaaaacg

cgtgaccttt

aatacacgtc

tggaaattcc

ggcgcgacca

cctegetgea

gttttatgac

aagccaaacg

agcccectaa

ccatagggac

atggccttta

ctggcaagca

caatgggagg

actttccaat

agggacttte

aagtcccatt

tacataaggt

ctcaataggg

acaggaaagt

gcccagtaca

tactgagtca

aatcaacagg

gttttgccca

acgtacataa

ccatgtactt

aaacggtact

aatgggaagt

atattggcac

gegteggtac

g

<210> SEQ ID NO 11
<211> LENGTH: 218

<212> TYPE:

DNA

tagaaccaat

cccectatgt

tacactcata

tttccacata

cccaagtaca

cactgagtca

tgagccaatg

gggtttttec

cattgtattc

ggagccaagt

caatagggga

actttccatt

cccattggag

taaggtcaat

ttagggactt

aaagtcccat

gtacaaaagg

ggtcaatagg

tcccaccatt

ttcccatage

gaaagggcag

gcattctatt

cgtegeagte

agtttttaat gccaaatgca

gagtaatacg gggacttttt

tggcatatga atcagcacgg

gggggcgttc accatttcce

ttgggtcaat gggaggtaag

aatgggactt tccactgggt

ggaaaaacce attgectgeca

attgttggca agcatataag

tgcccagtac ataaggtcaa

acactgcgtce aatagggact

tgagtcaatyg ggaaaaaccc

gggttttgee cagtacataa

ccaagtacat tgagtcaata

gggaggtaag ccaatgggtt

tccaatgggt tttgcccagt

tggagccaag tacactgagt

tcaatagggyg gtgagtcaat

ggtgagtcat tgggttttte

gacgtcaatg ggctattgaa

tgattaatgyg gaaagtaccg

ccaaaacgta acaccgcccc

ggctgagetyg cgttctacgt

ttcggtctga ccaccgtaga

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 11

ggggatccag

tgaaaaaaat

agctgcaata

gaggtgtggg

acatgataag

getttatttyg

aacaagttaa

aggtttttte

<210> SEQ ID NO 12
<211> LENGTH: 155

<212> TYPE:

DNA

atacattgat

tgaaatttgt

caacaacaat

ggatcctceta

SV40 polyA signal

gagtttggac aaaccacaac

gatgctattg ctttatttgt

tgcattgatt ttatgtttca

gagtcgac

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

Synthetic polyA signal

ctgaaatcce

acccaattte

tcatgcacte

agcatagggg

ccaatgggtt

tttgcccaag

agtacactga

gtcaatgtgg

tagggggtga

ttccattggy

attggagcca

ggtcaatagg

gggactttce

tttcccatta

acataaggtc

caatagggac

gggtttttec

cagccaattt

actaatgcaa

ttctegagee

ggttttcecce

gggtataaga

acgcagagcet

tagaatgcag

aaccattata

ggttcagggyg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1391

60

120

180

218
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<400> SEQUENCE: 12
aataaaatat ctttattttc attacatctg tgtgttggtt ttttgtgtga atcgatagta
ctaacatacg ctctecatca aaacaaaacg aaacaaaaca aactagcaaa ataggetgte

cccagtgcaa gtgcaggtge cagaacattt ctett

<210> SEQ ID NO 13

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 13

cgaacaaact tcatcgetat go

<210> SEQ ID NO 14

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 14

taactcaaat gcgaagegtt go

<210> SEQ ID NO 15

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 15

actgacaaca ccctacatgg ¢

<210> SEQ ID NO 16

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: VIioptF RP primer

<400> SEQUENCE: 16

geccagcacca ggctcaggyg

<210> SEQ ID NO 17

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 17

agcttggetyg tggaatgt

<210> SEQ ID NO 18

<211> LENGTH: 4344

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Partial plasmid pHM103+Fopt DNA sequence

<400> SEQUENCE: 18

gagctcaggg tatgatactc agetgttatt gtggccgace aggaggactce caatgettag

60

120

155

22

22

21

19

18

60
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cattcataag aacgctagag atgctattta acgatgtget gtegtctaaa gaatttgtge 120
atttagcctt taaatgtaaa accaatgacg cattcactac gctegtgegt gcaatttcetg 180
ggccagggta tgcatattcce ataacagaaa tcgacacttg agaagaggat ctgactgttt 240
gggataaagyg tcgtttgggt ctgtectage gatataattt atatgacgat atacattaaa 300
catctgtgtg cagtacttag gtatttaatc atgtcgatga aatgttatgt gtaaatatcg 360
gacaatatag ataacgggca cgctgctatt gtaacgtgceg cccgegeget agtgetgact 420
aatagtgtgg atgatgtata cagtatatta caaacggaaa tgatacgtaa taaattatgt 480
actcttattg atttataaaa acatacatgc agtgttgcta tgtcacataa ttagectcge 540
cegtetacge tccactgaag ataatggget ceegetgtte aaaaaaatca gegtgegtceg 600
ataagacttt ggtgcagtct cttcggggtce gcaatttaga tttgccgcat ggagggtate 660
tggggatttt tgccaatgct ggagcgacga ctgtacgatt cgtcecccatcyg ggatctagca 720
gaccaatgat gttgacacac atcggccatg catgtacgga cggtctattg cgegagtttg 780
ttattttcga aggacaagat ggaagtgtat atggaaccga caataatgtt agtttgcatt 840
tcttagggeyg gaatctacat gatatcttat ccaagcegggyg tatgagccag agagatgtga 900
tggtcataaa gggtaaattt tttagatctg aaataacgca gttgcccaaa caacgatcge 960
gattaaaaga aaaatcggat ggttcaatta ggacatgcat ggattctgtg cgcataaacc 1020
ataaccgcag cactgttggg cacttcggta actcaaatgc gaagcgttge acgtctgcega 1080
taactacgcce tactatgcac attgttactc ctgcatctta aaaatatatc ctgtagtaat 1140
tttcacagca atgtcataac atcatctcgc taaagaatga cctgggattg gagaagtaat 1200
gaatatttgc aaccaatgca ttgaataaac taacattaaa cgaattcgag ctcggtacag 1260
cttggcetgtg gaatgtgtgt cagttagggt gtggaaagtc cccaggctcecce ccagcaggca 1320
gaagtatgca aagcatgcat ctcaattagt cagcaaccag gtgtggaaag tccccaggct 1380
cceccagcagg cagaagtatg caaagcatgce atctcaatta gtcagcaacc atagtcccgce 1440
ccctaactee geccatceeg cecctaacte cgecccagtte cgceccattet cegecccatg 1500
gctgactaat tttttttatt tatgcagagg ccgaggccgce ctecggcectcet gagcectattcece 1560
agaagtagtg aggaggcttt tttggaggcc taggcttttg caaaaagctg cggccgccac 1620
catgggcage aagcccagca caagaatccce ageccccectyg atgctgatca cccgeatcat 1680
gctgatcetyg ggctgcatca gacccacaag ctccctggat ggacgccccce tggecgetge 1740
cggcategtyg gtgaccggceg acaaggecgt gaacgtgtac accagcagece agaccggcag 1800
catcatcgtg aagctgctge ccaacatgec cagagacaaa gaggcctgeg ccaaggccce 1860
cctggaagece tacaacagaa ccctgaccac cctgetgace cceectgggeyg acagcatcag 1920
aaagatccag ggctcegtga gcacaagegg cggaggaaag cagggcagac tgatcggege 1980
cgtgatcgge agcecgtggecce tgggagtggce tacagctgece cagattaccg ctgcagccgce 2040
cctgatccag gccaaccaga acgccgecaa catcctgaga ctgaaagaga gcattgecge 2100
caccaacgag gccgtgcacg aagtgaccga cggectgage cagetgteceg tggecgtggg 2160
caagatgcag cagttcgtga acgaccagtt caacaacacc gccagagagce tggactgcat 2220
caagatcacc cagcaggtgg gcgtggaget gaacctgtac ctgaccgage tgaccacagt 2280
gtteggecee cagatcacaa gcccagecct gacacagcetg accatccagg cectgtacaa 2340
cctggetgge ggcaacatgg actatctgct gacaaagcetg ggaatcggca acaaccagct 2400
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gtccagecty

acagctgetg

cacctacctyg

caaggtggtg

gagcgacctyg

cagctgectyg

aacaccctac

atgcaccgac

tcgecattee

cgatgecace

cctggacate

actggccgag

tctgatcace

getggectge

caacaacacc

ccagacatga

aaatgcttta

aataaacaag

tgggaggttt

aaagacctct

ctttgcatag

aaaacttatc

cgtctacage

ggcatgccge

attctgaaga

acgttggtcet

cgeggteatg

aaacattctg

ccatagtatce

ggctacacgt

tatagcctgt

ccgattgtaa

aacctetttyg

atcggaagceg
ggcatccagg
gaaaccctga
acacaggtgg
gacctgtact
agcggcaaca
atggcectga
cccccaggea
tgtaacgtge
taccagaaga
agcaccgage
agcaacagca
tacatcgtge
tacctgatgt
ctggaccaga
taagatacat
tttgtgaaat
ttaacaacaa
ttteggatce
atgaacattt
cgatgaagtt
atcacagtgg
gtccaggata
tttattgttc
accegttgac
tataatgtat
gegatceggac
aacccgtaga
aagtacaccg
gactaacacc
agactatttg
gaacaagcaa

gatgtatcct

<210> SEQ ID NO 19
<211> LENGTH: 4085

<212> TYPE:

DNA

gectgatcac

tgaacctgee

gegtgtecac

gcagcegtgat

gcaccagaat

ccagegectyg

agggaagcgt

tcatcageca

tgtccctgga

acatcagcat

tgggcaacgt

agctggaaaa

tgaccgtgat

acaagcagaa

tgagagccac

tgatgagttt

ttgtgatget

caattgcatt

tctagagteg

agtttccegt

tgttcggcag

cagtggaaac

gtggcgtgag

attaaacgca

aatccgaaga

gatcgagatg

ttgtaatttyg

gatgttaacyg

cgaataagga

cccgaatatt

tggtttaagt

atgcacttte

cgag

cggctaceee

cagcgtgggc

caccaagggc

cgaggaactg

cgtgacctte

catgtacagc

gatcgccaac

gaactacggce

cggcatcaca

cctggacage

gaataacagc

agtgaacgtyg

cagcctggtyg

ggcccageag

caccagagec

ggacaaacca

attgctttat

gattttatgt

acaattattt

atactcaacg

cagaaaatgc

ataccccecte

aaaatggaga

caatggtcte

agaaggcgtg

tcaccctaat

caacgatggyg

atgacgagga

cgcegtecaac

agtcatatgt

gtgaacgagg

catttaacaa

<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Partial plasmid pSBl 44cds SV FCAopt sequence

for vSB1-009

<400> SEQUENCE: 19

atcctgtacyg acagccagac

aacctgaaca acatgcgege

tacgccageg ccctggtgec

gacaccagct actgcatcga

ccaatgagce ccggcatcta

aagaccgaag gcgcactgac

tgcaagatca ccacctgcag

gaggcegtga gectgatcega

ctgagactga gcggcgagtt

caggtgatcg tgaccggcaa

atcagcaacg ccctggacag

cgcctgacat ccactteege

ttcggegece tgagectggt

aaaaccctge tgtggetggyg

tgatgagcgg ccgcggggat

caactagaat gcagtgaaaa

ttgtaaccat tataagctge

ttcaggttca gggggaggty

tatttaataa catatagccc

gegegtgtac acacgcatct

agatatccaa caatctggag

tatattcatg gtataattat

tctgcagece tectttecat

aacgccagat atgggcatag

caggtctttyg gaagactege

gccacatggt acaggcttat

caaaggatcg acgacatgcc

tgaatatcce atgctegetg

atcgttatat gcacacaatg

gagtttcagt ctggctccca

cgctgtgaac gagactcggyg

gaagtgtaga gagaatactc

cttttgtcat gctcggaget ctgatcgeat cttatcatta cgtetgcata gcaacgtetg

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4344

60
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gagacgtgac gtggaagacc gggtttttag ttgtggegge agggacgatt gecggcatca 120
cggctecgta tggagacatt tctcectetag ceggetttet tteggegtat acggegttag 180
ctattcacgt ggtcagagac gccagteggt ctectaatgaa cacgtgctac taccgtgcac 240
gtegggaaat tactgtgaac ggtgcatatc gecteggteg cgegegtete cegeccagea 300
cggacgecga ggcgacgcgce gaagaagacg tatccagtta cgatacgetyg ggggggaata 360
ttcctacgat aattctgage ctcatagegg tcatctcegat tcecagccata gccagettte 420
aaaagtacat gtcgaacgca actaagcacc agtcaacatt gactgacacyg ttacgcagta 480
tatgeggttt cttggtgggt acaagtgtcg cgatattcect teegtcegege taccacgagg 540
ttectgtteeg teccaattett gtattactgt taatattegg ggcaatggct actaccttag 600
ceggettegg tttacttete gggccgacat tgtttteege gacagccgeyg gttetgtget 660
gctacacttyg tataaatgta cgcaacgcga atagcggaat aaagcaattg geggccgecg 720
cagctggtaa atgcatatta ggaactgcca tctcgagcat gttggtttge gtgttaatac 780
aatattcctg atcgcggagce gattaatttt tatatcatgt gectcatageg ttcectttecgaa 840
ctgcgaataa aactttcgtg gctactaaag gggectateg tgggtttatg cgctgtcgaa 900
aacatgaaag ggccgattta aagctaagtt gegcaggcag aggccactcce atatacgcete 960
tcggagacgce ggctcecgcacyg ccagctgaaa tattttceccce cctgcaggtce gacccaattce 1020
gagctcggta cagcettggcet gtggaatgtg tgtcagttag ggtgtggaaa gtccccaggce 1080
tcecccagecag gcagaagtat gcaaagcatg catctcaatt agtcagcaac caggtgtgga 1140
aagtccceccag gcectceecccage aggcagaagt atgcaaagca tgcatctcaa ttagtcagca 1200
accatagtcc cgccecctaac teccgeccate ccgeccctaa ctceccgeccag ttecgceccat 1260
tcteecgecece atggctgact aatttttttt atttatgcag aggccgaggce cgcctceggcece 1320
tctgagcetat tccagaagta gtgaggaggc ttttttggag gecctaggctt ttgcaaaaag 1380
ctecegggge ggccgecace atgggcagca ageccagcac ctggatcage gtgaccctga 1440
tgctgatcac cagaaccatg ctgatcctga gctgcatcectg ccccacaage agcctggacg 1500
gcagaccect ggecgetgee ggcategtgg tgaccggcega caaggcecgtg aacatctaca 1560
ccagcagcca gaccggcage atcatcatca agetgctgece caacatgcecce aaggacaaag 1620
aggcctgege caaggeccce ctggaagect acaacagaac cctgaccacce ctgctgacce 1680
cectgggega cagcatcaga agaatccagg geagcgcecac cacaagceggce ggaggaaagce 1740
agggcagact ggtgggcgcet atcatcggga gegtggecct gggegtggece acagetgcece 1800
agattaccge tgcagecgcece ctgattcagg ccaatcagaa cgcecgccaac atcctgagac 1860
tgaaagagag cattgccgcc accaacgacg cegtgcacga agtgacaaac ggactgtcce 1920
agctggetgt cgctgtcgge aagatgcagce agttcgtgaa caaccagttc aacaacaccg 1980
ccagagagct ggactgcatc aagatcgecce agecaggtggyg cgtggagetyg aacctgtace 2040
tgaccgaget gaccacagtg ttcggeccece agatcacaag cccegetetyg acccagetga 2100
caatccaggc cctgtacaac ctggctggcg gcaacatgga ctatctgctg actaagectgg 2160
gagtgggcaa caaccagctg tccagectga tegggtecegg getgatcaca ggcaacccca 2220
tcetgtacga cagccagaca cagctgctgg gcatccagat caacctgcca tecgtgggaa 2280
gectgaacaa catgagagcce acctacctgg aaaccctgag cgtgtccacce accaaggget 2340
tegecagege cctggtgece aaggtggtga cacaggtggg cagegtgatce gaggaactgg 2400
acaccagcta ctgcatcgag agcgacatcg acctgtactg caccagagtg gtgaccttce 2460
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caatgagcce cggcatctac agctgectga geggcaacac cagegectge atgtacagca 2520
agaccgaagg agcactgaca acaccctaca tggccctgaa gggaagcegtyg atcgcecaact 2580
gcaagatgac cacctgcaga tgcgccgacce ccccaggcat catcagecag aactacggeg 2640
aggccgtgag cctgatcgac aaacattcct gtagegtget gtccecctggat ggcatcacac 2700
tgagactgag cggcgagttc gacgccacct accagaagaa catcagcatc ctggacagcce 2760
aggtgatcgt gaccggcaac ctggacatca gcaccgaget gggcaacgtyg aacaacagca 2820
tcagcagcac cctggacaag ctggccgagt ccaacaacaa gctgaacaaa gtgaacgtga 2880
acctgaccag cacaagcgcc ctgatcacct acatcgtget ggccatcgtg tecctggect 2940
tcggecgtgat cagcectggtg ctggectgcet acctgatgta caagcagaga gceccagcaga 3000
aaaccctgcet gtggetggge aataacacce tggaccagat gagggccacce accagaacct 3060
gatgagcggce cgcgatacct gcaggtttgce ggtgacattg atctggctca ttatatgcecce 3120
cgagctettg taacatcgceg gacgcgattt ccgtagtagg cacatctcaa atgcaaaagc 3180
ggcatgtcaa ccgtataggt acatccggcec ctgcttacag tceggtagggce atatatccac 3240
cggaaaactt cagctttaga ctcctcaggt gatgaggaat agtatgtaac cctctagcag 3300
tacggtattt ctaaaaaaag gtagatcctt ttccacacgg cacagactaa ataacgtaca 3360
ctacacaggt tctctcgaac ttecgtttgga ccggaattat tccctcecggca gegcecctaaaa 3420
agcaaacctc tagagtagat aagtgtcagt gaacctaggc cttcectttgtt ccacggectgg 3480
aaagctaagg gacgaggtac acgcgacccece agecacgcac gaacagagtt taacggaagce 3540
gtcgtttgeg ggataaggtt gtceggacccecce gegggtccgt tgaaaagtgg ctgcgcgect 3600
accgacgaat acgtcggtaa caattttaga aatcgaatat gactgcgagt accgtacaat 3660
cgcgaaatac ggtctctata tagctactcg gtecttaaat atgtaagtat gatgtcccect 3720
actcccgaag acgaccgcega cttggtegca gtacgtggge tgctccggat gatggacgag 3780
accacatctg agcgacacaa acgttcgcegt tcaggatgcc cccggttgtt atgeggttgt 3840
acgatcggga tcgctcttac tgtgttegte atcacagcecta cggtcgtget agecttegetg 3900
tttgcattct cttacatgtc cctggagtce ggtacatgtce ctcacgaatg gatcggttta 3960
ggctatagtt gtatgcgcgce gatggggagce aacgctaccg agctagaagc cctagatacg 4020
tgctceccgac ataacagcaa gcecttgtcgac tttactcatg cgaaaattct aatcgaagcet 4080
atcge 4085
<210> SEQ ID NO 20

<211> LENGTH: 4335

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Partial plasmid pHVT US2 SV-Fopt-SynPA for

VHVT306

<400> SEQUENCE: 20

taaaatggga tctatcatta cattcgttaa gagtctggat aattttactg tttgccaget 60
tcgatettgg aacgtactgt ggatagtgece ttacttggaa tcegtgaaaat ttgaaacgte 120
cattatttgg atatcttccg gttgtceccat atcccgecct ggtaccgete ggataccttg 180
ccegtatgga ttegtattga cagtcgegea atcggggace aacaacgcegt gggtccacac 240
tcattcggaa attttccgat gattctgaat atttattgecce getcegttacg agtcgttgga 300

catatctgta atacatttct tecttctgaag gatcgctgca catttgatct atacattggce 360
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caggatgttc aagtctcaga tgttgcattce tggcacagca caactttatg gcatttccga 420
tgtaatcgte cggcagecct gggggagtte tatattcgea tattgggatyg gtaaggacaa 480
tagcagatct cgcaacctcce agggaggcta taataacgtt tttaaaggat ggatttctca 540
taaaaatctg tcgcaaatta cactgagaat atcctttact agegccgatt gagagcatcg 600
tegtecaatt ttctaaatgg aaagaaaaca aggcgggcaa gagtgttceca aacattttca 660
tttteggcega atctctcaaa tcccatggeg tgcaattgat tgcaaaattyg gcacttcegt 720
tcacgtttgt atctccaaac tctaagacac ttttaattga aaaactacgt tctagtgtgg 780
aaagaaacct ataggcagac catagaacta tttgacacca catatctttt tgtatgtcaa 840
actgaccatg atcgtatgtt gctgaatgca ctagggcaat tegctegege gactccatac 900
attgaataat tccacacgtc agctcatcgg ttagcaaggt ccagtagttg aagtcattta 960
tttttececeg cggctggeca aatctaccte tgggaatatc caagttgtceg aatatgatcg 1020
caccggctcet ggtcatggtyg aaggaacttg tagcataaag acgcaggtat cataggggta 1080
atattttttt attcactcac atactaaaag taacgcatat tagcaccatg tatgggctat 1140
caattgacat ttgcgtagca ctacatcacg attatgtaca acataatggg acaacatatg 1200
cctgcaggte gacccaattc gagctceggta cagettggcet gtggaatgtg tgtcagttag 1260
ggtgtggaaa gtccccaggce tccccagcag gcagaagtat gcaaagcatg catctcaatt 1320
agtcagcaac caggtgtgga aagtccccag getccccage aggcagaagt atgcaaagca 1380
tgcatctcaa ttagtcagca accatagtcc cgcccctaac teccgcccate cecgceccectaa 1440
ctccgeccag ttceccegeccat tetceccgecce atggctgact aatttttttt atttatgecag 1500
aggccgaggce cgcctcecggece tcetgagectat tccagaagta gtgaggaggce ttttttggag 1560
gectaggett ttgcaaaaag ctceccgggge ggccgecace atgggcagca agceccagcac 1620
aagaatccca geccceccctga tgctgatcac ccgcatcatg ctgatcctgg getgcatcag 1680
acccacaagce tccctggatg gacgccceect ggecgcetgece ggcatcegtgyg tgaccggcga 1740
caaggccgtg aacgtgtaca ccagcagceca gaccggcage atcatcgtga agcetgetgece 1800
caacatgcce agagacaaag aggcctgege caaggcecccece ctggaagect acaacagaac 1860
cctgaccace ctgctgacce ccctgggega cagcatcaga aagatccagyg gctcecgtgag 1920
cacaagcggce ggaggaaagc agggcagact gatcggegece gtgatcggea gegtggecct 1980
gggagtggcet acagctgcce agattaccge tgcagecgec ctgatccagg ccaaccagaa 2040
cgecgecaac atcctgagac tgaaagagag cattgccgece accaacgagyg ccgtgcacga 2100
agtgaccgac ggcctgagec agctgtceccgt ggcegtggge aagatgcagce agttcegtgaa 2160
cgaccagtte aacaacaccg ccagagagcet ggactgcatce aagatcaccce agcaggtggg 2220
cgtggagectg aacctgtacc tgaccgagct gaccacagtg ttcggcecccece agatcacaag 2280
cccagecctyg acacagcectga ccatccagge cctgtacaac ctggetggeyg gcaacatgga 2340
ctatctgectg acaaagctgg gaatcggcaa caaccagctg tccagcectga tceggaagegg 2400
cctgatcacce ggctaccecca tectgtacga cagccagaca cagctgctgg gcatccaggt 2460
gaacctgcee agegtgggca acctgaacaa catgcgegec acctacctgg aaaccctgag 2520
cgtgtecace accaagggct acgccagege cctggtgece aaggtggtga cacaggtggg 2580
cagcgtgatc gaggaactgg acaccagcta ctgcatcgag agcgacctgg acctgtactg 2640
caccagaatc gtgaccttcce caatgagecce cggcatctac agetgcctga gcggcaacac 2700
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cagegectge

gggaagcgtg

catcagccag

gtcectggac

catcagcatc

gggcaacgtg

getggaaaaa

gaccgtgatce

caagcagaag

gagagccace

ttacatctgt

aacaaaacga

agaacatttc

ttgggtttat

catattgcca

gtcgtcatgt

tgtggactcg

atatacgcac

aggttcccaa

agcccaggtyg

tgcagttetyg

ggcctecgat

ggctacatct

gggcatacca

aacgaatgtg

cacatcattc

agcgtcacga

catgcacaca

atgtacagca

atcgccaact

aactacggceg

ggcatcacac

ctggacagec

aataacagca

gtgaacgtge

agcctggtgt

geccagcaga

accagagect

gtgttggttt

aacaaaacaa

tcttetagac

ctactattga

tcatgtacgt

attggacgge

ataccaagcc

gccatattac

gtggacgtga

cctggtactt

cagatatctg

tctagcatta

tcaaacagtc

ctceegectyg

gatttggcaa

ttcagatgct

gatcgcccag

cccat

<210> SEQ ID NO 21
<211> LENGTH: 5381

<212> TYPE:

DNA

agaccgaagg
gcaagatcac
aggcegtgag
tgagactgag
aggtgatcgt
tcagcaacge
gectgacatce
teggegecect
aaacccetget
gatgagcgge
tttgtgtgaa
actagcaaaa
ctgcaggecc
attttccect
ttttatctac
aacataggca
cctgcagetyg
tgtcgttgaa
gaagtgtttyg
taatggcaaa
cagccecgag
catagcecggt
tcacaataaa
ccgatttaat
accgacacag
ccatgcattyg

gcaatcgatce

cgcactgaca acaccctaca

cacctgcaga tgcaccgace

cctgatcgat cgecattect

cggegagtte gatgecacct

gaccggcaac ctggacatca

cctggacaga ctggecgaga

cacttccget ctgatcacct

gagectggtyg ctggectget

gtggcetggge aacaacaccce

cgcgatatca ataaaatatc

tcgatagtac taacatacge

taggctgtce ccagtgcaag

gggcaagtag atgcaattte

atctgtgata cacttgggag

tgtcttaacyg cccatgggaa

gcaacacaaa ttgcgtttag

gggaacgtct ggtggagagc

gtacgectta tcttectatgt

tatctcacat ggaatggcce

caaacgtttt ggtagaggta

tatccacagg ctatacgata

cagtagatce tgccattegg

tgcatctete gttectgeca

tctcacaatt gggcgatgec

gtctgetgta cggactaata

ttctatgaga aagatccata

gcattegtet agtaaagtga

<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: plasmid pCD046+NDV-F wt for vHVT110

<400> SEQUENCE: 21

gagctcaggg

cattcataag

atttagectt

ggccagggta

gggataaagg

catctgtgtyg

gacaatatag

tatgatactc

aacgctagag

taaatgtaaa

tgcatattce

tegtttgggt

cagtacttag

ataacgggca

agetgttatt

atgctattta

accaatgacg

ataacagaaa

ctgtectage

gtatttaatc

cgctgetatt

gtggcegace aggaggacte

acgatgtgct gtcgtctaaa

cattcactac gctegtgegt

tcgacacttyg agaagaggat

gatataattt atatgacgat

atgtcgatga aatgttatgt

gtaacgtgceg ccegegeget

tggccctgaa

ccccaggeat

gtaacgtgcet

accagaagaa

gcaccgagcet

gcaacagcaa

acatcgtget

acctgatgta

tggaccagat

tttattttca

tctccatcaa

tgcaggtgee

ctcacactag

cctectacaag

cggaggcgtc

gtggggtgcea

cgataatttyg

tttcaaattt

aaggcattcc

ttgattctat

cgttatcgga

tagcgcaacc

atccggaacc

dgcggggcaa

tgggcacacc

gggtggaggce

cgagagttat

caatgcttag

gaatttgtge

gcaatttetg

ctgactgttt

atacattaaa

gtaaatatcg

agtgctgact

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4335

60

120

180

240

300

360

420
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aatagtgtgg atgatgtata cagtatatta caaacggaaa tgatacgtaa taaattatgt 480
actcttattg atttataaaa acatacatgc agtgttgcta tgtcacataa ttagectcge 540
cegtetacge tccactgaag ataatggget ceegetgtte aaaaaaatca gegtgegtceg 600
ataagacttt ggtgcagtct cttcggggtce gcaatttaga tttgccgcat ggagggtate 660
tggggatttt tgccaatgct ggagcgacga ctgtacgatt cgtcecccatcyg ggatctagca 720
gaccaatgat gttgacacac atcggccatg catgtacgga cggtctattg cgegagtttg 780
ttattttcga aggacaagat ggaagtgtat atggaaccga caataatgtt agtttgcatt 840
tcttagggeyg gaatctacat gatatcttat ccaagcegggyg tatgagccag agagatgtga 900
tggtcataaa gggtaaattt tttagatctg aaataacgca gttgcccaaa caacgatcge 960
gattaaaaga aaaatcggat ggttcaatta ggacatgcat ggattctgtg cgcataaacc 1020
ataaccgcag cactgttggg cacttcggta actcaaatgc gaagcgttge acgtctgcega 1080
taactacgcce tactatgcac attgttactc ctgcatctta aaaatatatc ctgtagtaat 1140
tttcacagca atgtcataac atcatctcgc taaagaatga cctgggattg gagaagtaat 1200
gaatatttgc aaccaatgca ttgaataaac taacattaaa cgaattcaat agtggatccc 1260
ccaactccge cecgttttatg actagaacca atagttttta atgccaaatg cactgaaatc 1320
ccctaatttg caaagccaaa cgccccectat gtgagtaata cggggacttt ttacccaatt 1380
tcecacgegg aaageccect aatacactca tatggcatat gaatcagcac ggtcatgcac 1440
tctaatggcg gecccataggg actttcecaca tagggggcegt tcaccattte ccagcatagg 1500
ggtggtgact caatggcctt tacccaagta cattgggtca atgggaggta agccaatggg 1560
tttttececat tactggcaag cacactgagt caaatgggac tttccactgg gttttgccca 1620
agtacattgg gtcaatggga ggtgagccaa tgggaaaaac ccattgctgce caagtacact 1680
gactcaatag ggactttcca atgggttttt ccattgttgg caagcatata aggtcaatgt 1740
gggtgagtca atagggactt tccattgtat tctgcccagt acataaggtc aatagggggt 1800
gaatcaacag gaaagtccca ttggagccaa gtacactgceg tcaataggga ctttccattg 1860
ggttttgcce agtacataag gtcaataggg gatgagtcaa tgggaaaaac ccattggagce 1920
caagtacact gactcaatag ggactttcca ttgggttttg cccagtacat aaggtcaata 1980
gggggtgagt caacaggaaa gttccattgg agccaagtac attgagtcaa tagggacttt 2040
ccaatgggtt ttgcccagta cataaggtca atgggaggta agccaatggg tttttcecccat 2100
tactggcacg tatactgagt cattagggac tttccaatgg gttttgccca gtacataagg 2160
tcaatagggg tgaatcaaca ggaaagtccc attggagcca agtacactga gtcaataggg 2220
actttccatt gggttttgcc cagtacaaaa ggtcaatagg gggtgagtca atgggttttt 2280
cccattattg gcacgtacat aaggtcaata ggggtgagtc attgggtttt tccagccaat 2340
ttaattaaaa cgccatgtac tttcccacca ttgacgtcaa tgggctattg aaactaatgc 2400
aacgtgacct ttaaacggta ctttcccata gctgattaat gggaaagtac cgttctcgag 2460
ccaatacacg tcaatgggaa gtgaaagggc agccaaaacyg taacaccgece ccggttttee 2520
cctggaaatt ccatattggc acgcattcta ttggctgage tgcgttctac gtgggtataa 2580
gaggcgcegac cagegtceggt accgtegcag tetteggtet gaccaccgta gaacgcagag 2640
ctecctegetg caggecggecg catgggctcee aaacctteta ccaggatccce agcacctcetg 2700
atgctgatca cccggattat gectgatattg ggctgtatcce gtccgacaag ctetcttgac 2760
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ggcaggccete ttgcagectge aggaattgta gtaacaggag ataaggcagt caatgtatac 2820
acttcgtecte agacagggtc aatcatagtc aagttgctcce cgaatatgcce cagggataag 2880
gaggcgtgtyg caaaagcccce attagaggca tataacagaa cactgactac tttgctcact 2940
cctettggeg actccatceeg caagatccaa gggtctgtgt ccacatctgg aggaggcaag 3000
caaggccgcece tgataggtge tgttattgge agtgtagetce ttggggttgce aacagcggca 3060
cagataacag cagctgcggce cctaatacaa gccaaccaga atgccgccaa catcctecgg 3120
cttaaggaga gcattgctgc aaccaatgaa gctgtgcatg aagtcaccga cggattatca 3180
caactatcag tggcagttgg gaagatgcag cagtttgtca atgaccagtt taataatacg 3240
gcgcgagaat tggactgtat aaaaatcaca caacaggttg gtgtagaact caacctatac 3300
ctaactgaat tgactacagt attcgggcca cagatcacct cccctgcatt aactcagcetg 3360
accatccagg cactttataa tttagctggt ggcaatatgg attacttatt aactaagtta 3420
ggtataggga acaatcaact cagctcgtta attggtagcg gcctgatcac tggttaccct 3480
atactgtatg actcacagac tcaactcttg ggcatacaag tgaatttacc ctcagtcggg 3540
aacttaaata atatgcgtgc cacctatttg gagaccttat ctgtaagtac aaccaaagga 3600
tatgcctcag cacttgtcecc gaaagtagtg acacaagtcg gttccgtgat agaagagcett 3660
gacacctcat actgtataga gtccgatctg gatttatatt gtactagaat agtgacattc 3720
cccatgtecce caggtattta ttectgtttg agcggcaaca catcagcttg catgtattca 3780
aagactgaag gcgcactcac tacgccgtat atggccctta aaggctcagt tattgccaat 3840
tgtaaaataa caacatgtag atgtacagac cctcctggta tcatatcgca aaattatgga 3900
gaagctgtat ccctgataga tagacattcg tgcaatgtcect tatcattaga cgggataact 3960
ctaaggctca gtggggaatt tgatgcaact tatcaaaaga acatctcaat actagattct 4020
caagtcatcg tgacaggcaa tcttgatata tcaactgaac ttggaaacgt caacaattca 4080
atcagcaatg ccttggatag gttggcagaa agcaacagca agctagaaaa agtcaatgtce 4140
agactaacca gcacatctgce tctcattacc tatattgttc taactgtcat ttctctagtt 4200
ttecggtgcac ttagtctggt gttagegtgt tacctgatgt acaaacagaa ggcacaacaa 4260
aagaccttgce tatggcttgg gaataatacc ctcgatcaga tgagagccac tacaagagca 4320
tgagcggccg cggggatcca gacatgataa gatacattga tgagtttgga caaaccacaa 4380
ctagaatgca gtgaaaaaaa tgctttattt gtgaaatttg tgatgctatt gectttatttg 4440
taaccattat aagctgcaat aaacaagtta acaacaacaa ttgcattgat tttatgtttc 4500
aggttcaggg ggaggtgtgg gaggtttttt cggatcctcect agagtcgaca attattttat 4560
ttaataacat atagcccaaa gacctctatg aacatttagt ttcccgtata ctcaacggceg 4620
cgtgtacaca cgcatctctt tgcatagcga tgaagtttgt tcggcagcag aaaatgcaga 4680
tatccaacaa tctggagaaa acttatcatc acagtggcag tggaaacata ccccctctat 4740
attcatggta taattatcgt ctacagcgtc caggatagtg gcgtgagaaa atggagatct 4800
gcagccctee ttteccatgge atgecgettt attgttcatt aaacgcacaa tggtctcaac 4860
gccagatatg ggcatagatt ctgaagaacc cgttgacaat ccgaagaaga aggcgtgcag 4920
gtctttggaa gactcgcacg ttggtcttat aatgtatgat cgagatgtca ccctaatgece 4980
acatggtaca ggcttatcge ggtcatggcg atcggacttg taatttgcaa cgatgggcaa 5040
aggatcgacg acatgccaaa cattctgaac ccgtagagat gttaacgatg acgaggatga 5100
atatcccatg ctcgctgeca tagtatcaag tacaccgcga ataaggacgce gtccaacatce 5160
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gttatatgca

tttcagtcty

tgtgaacgag

gtgtagagag

cacaatggge

gcteccatat

actecgggecyg

aatactcaac

<210> SEQ ID NO 22
<211> LENGTH: 4337

<212> TYPE:

DNA

tacacgtgac

agcctgtaga

attgtaagaa

ctetttggat

taacacccce gaatattagt catatgtgag

ctatttgtgg tttaagtgtg aacgaggcgc

caagcaaatg cactttccat ttaacaagaa

gtatcctega

<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Partial plasmid pHM103+4NDV-F wt sequence for

VvHVT111

<400> SEQUENCE: 22

gagctcaggg

cattcataag

atttagectt

ggccagggta

gggataaagg

catctgtgtyg

gacaatatag

aatagtgtgg

actcttattg

cegtetacge

ataagacttt

tggggatttt

gaccaatgat

ttattttcga

tcttagggeyg

tggtcataaa

gattaaaaga

ataaccgcag

taactacgcc

tttcacagca

gaatatttge

cttggetgtyg

gaagtatgca

cceccageagyg

ccctaactcec

gctgactaat

agaagtagtg

ggctccaaac

atattgggcet

attgtagtaa

tatgatactc

aacgctagag

taaatgtaaa

tgcatattce

tegtttgggt

cagtacttag

ataacgggca

atgatgtata

atttataaaa

tccactgaag

ggtgcagtcet

tgccaatget

gttgacacac

aggacaagat

gaatctacat

gggtaaattt

aaaatcggat

cactgttggyg

tactatgcac

atgtcataac

aaccaatgca

gaatgtgtgt

aagcatgcat

cagaagtatg

geccatcecy

tttttttatt

aggaggcttt

cttctaccag

gtatccgtee

caggagataa

agetgttatt

atgctattta

accaatgacg

ataacagaaa

ctgtectage

gtatttaatc

cgctgetatt

cagtatatta

acatacatgc

ataatgggct

ctteggggte

ggagcgacga

atcggcecatg

ggaagtgtat

gatatcttat

tttagatctyg

ggttcaatta

cacttecggta

attgttactc

atcatctege

ttgaataaac

cagttagggt

ctcaattagt

caaagcatge

ccectaacte

tatgcagagg

tttggaggee

gatcccagca

gacaagctcet

ggcagtcaat

gtggcegace

acgatgtget

cattcactac

tcgacacttyg

gatataattt

atgtcgatga

gtaacgtgceyg

caaacggaaa

agtgttgcta

ccegetgtte

gcaatttaga

ctgtacgatt

catgtacgga

atggaaccga

ccaagcgggyg

aaataacgca

ggacatgcat

actcaaatge

ctgcatctta

taaagaatga

taacattaaa

gtggaaagtc

cagcaaccag

atctcaatta

cgcccagtte

ccgaggecge

taggcttttyg

cctetgatge

cttgacggca

gtatacactt

g

aggaggactce

gtcgtctaaa

getegtgegt

agaagaggat

atatgacgat

aatgttatgt

ccegegeget

tgatacgtaa

tgtcacataa

aaaaaaatca

tttgcecgeat

cgteccateg

cggtctattyg

caataatgtt

tatgagccag

gttgcccaaa

ggattetgtyg

gaagcgttge

aaaatatatc

cctgggatty

cgaattcgag

cccaggetee

gtgtggaaag

gtcagcaacc

cgcecattet

ctecggectet

caaaaagctyg

tgatcacccyg

ggcctettge

cgtctcagac

caatgcttag

gaatttgtge

gcaatttetg

ctgactgttt

atacattaaa

gtaaatatcg

agtgctgact

taaattatgt

ttagcctege

gegtgegteg

ggagggtatc

ggatctagca

cgcgagttty

agtttgcatt

agagatgtga

caacgatcge

cgcataaacc

acgtctgega

ctgtagtaat

gagaagtaat

ctcggtacag

ccagcaggca

tccecagget

atagtccege

ccgeccecatyg

gagctattce

cggecgeatyg

gattatgcetg

agctgcagga

agggtcaatc

5220

5280

5340

5381

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800
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atagtcaagt tgctcccgaa tatgcccagg gataaggagg cgtgtgcaaa agccccatta 1860
gaggcatata acagaacact gactactttg ctcactcctce ttggcgactc catccgcaag 1920
atccaagggt ctgtgtccac atctggagga ggcaagcaag gccgcctgat aggtgctgtt 1980
attggcagtg tagctcttgg ggttgcaaca gcggcacaga taacagcagc tgcggcccta 2040
atacaagcca accagaatgc cgccaacatc ctecggcetta aggagagcat tgctgcaacce 2100
aatgaagctg tgcatgaagt caccgacgga ttatcacaac tatcagtggc agttgggaag 2160
atgcagcagt ttgtcaatga ccagtttaat aatacggcgc gagaattgga ctgtataaaa 2220
atcacacaac aggttggtgt agaactcaac ctatacctaa ctgaattgac tacagtattc 2280
gggccacaga tcacctccce tgcattaact cagctgacca tccaggcact ttataattta 2340
gctggtggca atatggatta cttattaact aagttaggta tagggaacaa tcaactcagce 2400
tcgttaattg gtagcggect gatcactggt taccctatac tgtatgactc acagactcaa 2460
ctcttgggca tacaagtgaa tttaccctca gtcgggaact taaataatat gcegtgccacc 2520
tatttggaga ccttatctgt aagtacaacc aaaggatatg cctcagcact tgtcccgaaa 2580
gtagtgacac aagtcggttc cgtgatagaa gagcttgaca cctcatactg tatagagtcce 2640
gatctggatt tatattgtac tagaatagtg acattcccca tgtccccagg tatttattcece 2700
tgtttgagcg gcaacacatc agcttgcatg tattcaaaga ctgaaggcgce actcactacg 2760
ccgtatatgg ceccttaaagg ctcagttatt gccaattgta aaataacaac atgtagatgt 2820
acagaccctce ctggtatcat atcgcaaaat tatggagaag ctgtatccct gatagataga 2880
cattcgtgca atgtcttatc attagacggg ataactctaa ggctcagtgg ggaatttgat 2940
gcaacttatc aaaagaacat ctcaatacta gattctcaag tcatcgtgac aggcaatctt 3000
gatatatcaa ctgaacttgg aaacgtcaac aattcaatca gcaatgcctt ggataggttg 3060
gcagaaagca acagcaagct agaaaaagtc aatgtcagac taaccagcac atctgctcete 3120
attacctata ttgttctaac tgtcatttct ctagttttcg gtgcacttag tcectggtgtta 3180
gcgtgttace tgatgtacaa acagaaggca caacaaaaga ccttgctatg gcttgggaat 3240
aatacccteg atcagatgag agccactaca agagcatgag cggcecgceggyg gatccagaca 3300
tgataagata cattgatgag tttggacaaa ccacaactag aatgcagtga aaaaaatgct 3360
ttatttgtga aatttgtgat gctattgctt tatttgtaac cattataagc tgcaataaac 3420
aagttaacaa caacaattgc attgatttta tgtttcaggt tcagggggag gtgtgggagg 3480
ttttttegga tectctagag tcgacaatta ttttatttaa taacatatag cccaaagacc 3540
tctatgaaca tttagtttcc cgtatactca acggcgcegtg tacacacgca tcectctttgcea 3600
tagcgatgaa gtttgttcgg cagcagaaaa tgcagatatc caacaatctg gagaaaactt 3660
atcatcacag tggcagtgga aacatacccc ctctatattc atggtataat tatcgtctac 3720
agcgtcecagg atagtggegt gagaaaatgg agatctgcag cccteccttte catggcatgce 3780
cgctttattg ttcattaaac gcacaatggt ctcaacgcca gatatgggca tagattctga 3840
agaacccgtt gacaatccga agaagaaggc gtgcaggtcet ttggaagact cgcacgttgg 3900
tcttataatg tatgatcgag atgtcaccct aatgccacat ggtacaggct tatcgcggtce 3960
atggcgatcg gacttgtaat ttgcaacgat gggcaaagga tcgacgacat gccaaacatt 4020
ctgaacccgt agagatgtta acgatgacga ggatgaatat cccatgctcg ctgccatagt 4080
atcaagtaca ccgcgaataa ggacgcgtcce aacatcgtta tatgcacaca atgggctaca 4140
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cgtgactaac

tgtagactat

taagaacaag

ttggatgtat

acccccgaat attagtcata tgtgagttte agtetggete ccatatagece

ttgtggttta agtgtgaacg aggcgctgtg aacgagactce gggccgattg

caaatgcact ttccatttaa caagaagtgt agagagaata ctcaacctct

cctegag

<210> SEQ ID NO 23
<211> LENGTH: 4344

<212> TYPE:

DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Partial plasmid pHM103+NDV-F CA02 for vHVT11lé

<400> SEQUENCE: 23

gagctcaggg

cattcataag

atttagectt

ggccagggta

gggataaagg

catctgtgtyg

gacaatatag

aatagtgtgg

actcttattg

cegtetacge

ataagacttt

tggggatttt

gaccaatgat

ttattttcga

tcttagggeyg

tggtcataaa

gattaaaaga

ataaccgcag

taactacgcc

tttcacagca

gaatatttge

cttggetgtyg

gaagtatgca

cceccageagyg

ccctaactcec

gctgactaat

agaagtagtg

catgggcage

getgatecty

cggcategtyg

catcatcatc

tatgatactc

aacgctagag

taaatgtaaa

tgcatattce

tegtttgggt

cagtacttag

ataacgggca

atgatgtata

atttataaaa

tccactgaag

ggtgcagtcet

tgccaatget

gttgacacac

aggacaagat

gaatctacat

gggtaaattt

aaaatcggat

cactgttggyg

tactatgcac

atgtcataac

aaccaatgca

gaatgtgtgt

aagcatgcat

cagaagtatg

geccatcecy

tttttttatt

aggaggcttt

aagcccagea

agctgcatct

gtgaccggeg

aagctgetge

agetgttatt

atgctattta

accaatgacg

ataacagaaa

ctgtectage

gtatttaatc

cgctgetatt

cagtatatta

acatacatgc

ataatgggct

ctteggggte

ggagcgacga

atcggcecatg

ggaagtgtat

gatatcttat

tttagatctyg

ggttcaatta

cacttecggta

attgttactc

atcatctege

ttgaataaac

cagttagggt

ctcaattagt

caaagcatge

ccectaacte

tatgcagagg

tttggaggee

cctggatcag

gecccacaag

acaaggccgt

ccaacatgec

gtggcegace

acgatgtget

cattcactac

tcgacacttyg

gatataattt

atgtcgatga

gtaacgtgceyg

caaacggaaa

agtgttgcta

ccegetgtte

gcaatttaga

ctgtacgatt

catgtacgga

atggaaccga

ccaagcgggyg

aaataacgca

ggacatgcat

actcaaatge

ctgcatctta

taaagaatga

taacattaaa

gtggaaagtc

cagcaaccag

atctcaatta

cgcccagtte

ccgaggecge

taggcttttyg

cgtgacccetyg

cagcctggac

gaacatctac

caaggacaaa

aggaggactce

gtcgtctaaa

getegtgegt

agaagaggat

atatgacgat

aatgttatgt

ccegegeget

tgatacgtaa

tgtcacataa

aaaaaaatca

tttgcecgeat

cgteccateg

cggtctattyg

caataatgtt

tatgagccag

gttgcccaaa

ggattetgtyg

gaagcgttge

aaaatatatc

cctgggatty

cgaattcgag

cccaggetee

gtgtggaaag

gtcagcaacc

cgcecattet

ctecggectet

caaaaagctyg

atgctgatca

ggcagaccce

accagcagcc

gaggcctgeg

caatgcttag

gaatttgtge

gcaatttetg

ctgactgttt

atacattaaa

gtaaatatcg

agtgctgact

taaattatgt

ttagcctege

gegtgegteg

ggagggtatc

ggatctagca

cgcgagttty

agtttgcatt

agagatgtga

caacgatcge

cgcataaacc

acgtctgega

ctgtagtaat

gagaagtaat

ctcggtacag

ccagcaggca

tccecagget

atagtccege

ccgeccecatyg

gagctattce

cggecgecac

ccagaaccat

tggcegetge

agaccggcag

ccaaggeecc

4200

4260

4320

4337

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860
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cctggaagece tacaacagaa ccctgaccac cctgetgace cceectgggeyg acagcatcag 1920
aagaatccag ggcagcgcca ccacaagegg cggaggaaag cagggcagac tggtgggege 1980
tatcatcggg agcgtggecce tgggcegtgge cacagctgcece cagattaccg ctgcagccgce 2040
cctgattcag gccaatcaga acgccgecaa catcctgaga ctgaaagaga gcattgecge 2100
caccaacgac gccgtgcacg aagtgacaaa cggactgtece cagetggetyg tcegetgtegg 2160
caagatgcag cagttcgtga acaaccagtt caacaacacc gccagagagce tggactgcat 2220
caagatcgee cagcaggtgg gecgtggaget gaacctgtac ctgaccgage tgaccacagt 2280
gtteggecee cagatcacaa gccccgetcet gacccagetg acaatccagg cectgtacaa 2340
cctggetgge ggcaacatgg actatctgct gactaagetg ggagtgggca acaaccagct 2400
gtecagectyg atcgggtcecg ggctgatcac aggcaaccce atcctgtacg acagccagac 2460
acagctgcetyg ggcatccaga tcaacctgec atccgtggga agectgaaca acatgagage 2520
cacctacctg gaaaccctga gegtgtecac caccaaggge ttegecageg ccctggtgece 2580
caaggtggtyg acacaggtgg gcagcgtgat cgaggaactyg gacaccagct actgcatcga 2640
gagcgacatc gacctgtact gcaccagagt ggtgaccttc ccaatgagcc ccggcatcta 2700
cagctgectyg agcggcaaca ccagcgectg catgtacage aagaccgaag gagcactgac 2760
aacaccctac atggccctga agggaagegt gatcgccaac tgcaagatga ccacctgcag 2820
atgcgecgac cccccaggca tcatcageca gaactacgge gaggccgtga gcectgatcga 2880
caaacattcc tgtagcgtge tgtccctgga tggcatcaca ctgagactga gceggcgagtt 2940
cgacgecace taccagaaga acatcagcat cctggacage caggtgatcg tgaccggcaa 3000
cctggacate agcaccgagce tgggcaacgt gaacaacage atcagcagca ccctggacaa 3060
gectggecgayg tccaacaaca agctgaacaa agtgaacgtg aacctgacca gcacaagcegce 3120
cctgatcacce tacatcgtge tggccatcgt gtececctggece ttcecggcgtga tcagectggt 3180
gctggectge tacctgatgt acaagcagag agcccagcag aaaaccctgce tgtggctggg 3240
caataacacc ctggaccaga tgagggccac caccagaacce tgatgagegyg ccgceggggat 3300
ccagacatga taagatacat tgatgagttt ggacaaacca caactagaat gcagtgaaaa 3360
aaatgcttta tttgtgaaat ttgtgatgct attgctttat ttgtaaccat tataagctgc 3420
aataaacaag ttaacaacaa caattgcatt gattttatgt ttcaggttca gggggaggtg 3480
tgggaggttt tttcggatcc tctagagtcg acaattattt tatttaataa catatagccc 3540
aaagacctct atgaacattt agtttcccgt atactcaacg gcgcgtgtac acacgcatct 3600
ctttgcatag cgatgaagtt tgttcggcag cagaaaatgc agatatccaa caatctggag 3660
aaaacttatc atcacagtgg cagtggaaac ataccccctc tatattcatg gtataattat 3720
cgtctacage gtccaggata gtggcgtgag aaaatggaga tctgcagccce tectttecat 3780
ggcatgcecge tttattgttce attaaacgca caatggtctc aacgccagat atgggcatag 3840
attctgaaga acccgttgac aatccgaaga agaaggcgtg caggtctttg gaagactcgce 3900
acgttggtct tataatgtat gatcgagatg tcaccctaat gccacatggt acaggcttat 3960
cgcggtcecatg gecgatcggac ttgtaatttg caacgatggg caaaggatcg acgacatgcece 4020
aaacattctg aacccgtaga gatgttaacg atgacgagga tgaatatccc atgctcecgetg 4080
ccatagtatc aagtacaccg cgaataagga cgcgtccaac atcgttatat gcacacaatg 4140
ggctacacgt gactaacacc cccgaatatt agtcatatgt gagtttcagt ctggctccca 4200



US 9,114,108 B2
103

-continued

104

tatagcctgt agactatttg tggtttaagt gtgaacgagg cgctgtgaac gagactceggg
ccgattgtaa gaacaagcaa atgcacttte catttaacaa gaagtgtaga gagaatactce

aacctetttg gatgtatect cgag

<210> SEQ ID NO 24

<211> LENGTH: 3988

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:

4260

4320

4344

<223> OTHER INFORMATION: Partial plasmid HVTIG2 SV Fwt SbfI sequence for

VHVT301

<400> SEQUENCE: 24

tgtttegcac catatccaag ctggetgtee ctaagagett attectgcaa gacctcatac

ggaataattg cccgaccaat acttattacg gacataggta ggccgataaa tattatgttg

actggaggat ggaaaggagg ttttgtaaca gctacatcge tegttcatca gcaagcgata

ctttggatat ccgagettca aaagccgeat aaaccceget ttatttcetga atacgcccca

acagtaacac atgcgtggtt cctggcactt ggaacgecgt gttttatagg caagaacata

ctacccaaag aggtcttggg atttetggeg cgtegttgea atgaagaaat gaattcetttg

ttcecttgaaa tgccgacaac tctaaaaacg gtattcgage accattactt tacgegtgga

tctgaagtaa atccagegtt gttgatggag cctaacagat ttttgcaact gatggatteg

cggaaaatcce tatgtttata cgaatceget atgtgegaca accecggage tcagggtatg

atactcagcet gttattgtgg ccgaccagga ggactccaat gettagecatt cataagaacg

ctagagatge tatttaacga tgtgctgteg tctaaagaat ttgtgeattt agectttaaa

tgtaaaacca atgacgcatt cactacgete gtgegtgcaa tttetgggee agggtatgca

tattccataa cagaaatcga cacttgagaa gaggatctga ctgtttggga taaaggtegt

ttgggtctgt cctagecgata taatttatat gacgatatac attaaacatc tgtgtgcagt

acttaggtat ttaatcatgt cgatgaaatg ttatgtgtaa atatcggaca atatagataa

cgggcacget gectattgtaa cgtgegeceg cgegetagtg ctgactaata gtgtggatga

tgtatacagt atattacaaa cggaaatgat acgtaataaa cctgcaggtce gacccaatte

gagcteggta cagettgget gtggaatgtyg tgtcagttag ggtgtggaaa gtecccagge

tccccagecag gcagaagtat gcaaagcatg catctcaatt agtcagcaac caggtgtgga

aagtccccag gctceccage aggcagaagt atgcaaagea tgcatctcaa ttagtcagca

accatagtcc cgccectaac teegeccate ccgeccctaa cteegeccag tteegeccat

tcteegecce atggetgact aatttttttt atttatgecag aggecgagge cgecteggece

tctgagetat tccagaagta gtgaggagge ttttttggag gectaggett ttgcaaaaag

ctgeggeege atgggeteca aaccttcetac caggatccca geacctcetga tgetgatcac

ccggattatg ctgatattgg getgtateeg tcecgacaage tetettgacyg gecaggectcet

tgcagctgca ggaattgtag taacaggaga taaggcagtc aatgtataca cttegtctca

gacagggtca atcatagtca agttgctcce gaatatgccce agggataagyg aggegtgtge

aaaagcccca ttagaggcat ataacagaac actgactact ttgctcacte ctettggega

ctccatcege aagatccaag ggtctgtgte cacatctgga ggaggcaage aaggcecgect

gataggtgct gttattggca gtgtagetcet tggggttgca acageggcac agataacagce

agctgeggece ctaatacaag ccaaccagaa tgecgccaac atcctecgge ttaaggagag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860
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cattgctgca accaatgaag ctgtgcatga agtcaccgac ggattatcac aactatcagt 1920
ggcagttggg aagatgcagc agtttgtcaa tgaccagttt aataatacgg cgcgagaatt 1980
ggactgtata aaaatcacac aacaggttgg tgtagaactc aacctatacc taactgaatt 2040
gactacagta ttcgggccac agatcacctc ccctgcatta actcagctga ccatccaggce 2100
actttataat ttagctggtg gcaatatgga ttacttatta actaagttag gtatagggaa 2160
caatcaactc agctcgttaa ttggtagcgg cctgatcact ggttacccta tactgtatga 2220
ctcacagact caactcttgg gcatacaagt gaatttaccc tcagtcggga acttaaataa 2280
tatgcgtgecce acctatttgg agaccttatc tgtaagtaca accaaaggat atgcctcagce 2340
acttgtccecg aaagtagtga cacaagtcgg ttccgtgata gaagagcttg acacctcata 2400
ctgtatagag tccgatctgg atttatattg tactagaata gtgacattcc ccatgtccce 2460
aggtatttat tcctgtttga gcggcaacac atcagcttgce atgtattcaa agactgaagg 2520
cgcactcact acgccgtata tggcccttaa aggctcagtt attgccaatt gtaaaataac 2580
aacatgtaga tgtacagacc ctcctggtat catatcgcaa aattatggag aagctgtatc 2640
cctgatagat agacattcgt gcaatgtctt atcattagac gggataactc taaggctcag 2700
tggggaattt gatgcaactt atcaaaagaa catctcaata ctagattctc aagtcatcgt 2760
gacaggcaat cttgatatat caactgaact tggaaacgtc aacaattcaa tcagcaatgce 2820
cttggatagg ttggcagaaa gcaacagcaa gctagaaaaa gtcaatgtca gactaaccag 2880
cacatctgct ctcattacct atattgttct aactgtcatt tctctagttt teggtgcact 2940
tagtctggtg ttagcgtgtt acctgatgta caaacagaag gcacaacaaa agaccttgcet 3000
atggcttggg aataataccc tcgatcagat gagagccact acaagagcat gagcggccgce 3060
ggggatccag acatgataag atacattgat gagtttggac aaaccacaac tagaatgcag 3120
tgaaaaaaat gctttatttg tgaaatttgt gatgctattg ctttatttgt aaccattata 3180
agctgcaata aacaagttaa caacaacaat tgcattgatt ttatgtttca ggttcagggg 3240
gaggtgtggg aggttttttc ggatcctcta gaggggatta atcctgcagg ttatgtactce 3300
ttattgattt ataaaaacat acatgcagtg ttgctatgtc acataattag cctcgccegt 3360
ctacgctcca ctgaagataa tgggctecccg ctgttcaaaa aaatcagcgt gegtcgataa 3420
gactttggtg cagtctcttc ggggtcgcaa tttagatttg ccgcatggag ggtatctggg 3480
gatttttgcc aatgctggag cgacgactgt acgattcgtce ccatcgggat ctagcagacce 3540
aatgatgttg acacacatcg gccatgcatg tacggacggt ctattgcgeg agtttgttat 3600
tttcgaagga caagatggaa gtgtatatgg aaccgacaat aatgttagtt tgcatttctt 3660
agggcggaat ctacatgata tcttatccaa gcggggtatg agccagagag atgtgatggt 3720
cataaagggt aaatttttta gatctgaaat aacgcagttg cccaaacaac gatcgcgatt 3780
aaaagaaaaa tcggatggtt caattaggac atgcatggat tctgtgcgca taaaccataa 3840
ccgcagcact gttgggcact tceggtaactce aaatgcgaag cgttgcacgt ctgcgataac 3900
tacgcctact atgcacattg ttactcctgce atcttaaaaa tatatcctgt agtaatttte 3960

acagcaatgt cataacatca tctcgcta 3988

<210> SEQ ID NO 25

<211> LENGTH: 3707

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Partial plasmid pHVTUS10 cds F opt plasmid for
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-continued
VHVT302

<400> SEQUENCE: 25

tcecttacgg cggatcgaaa cgacattagg catactceggyg taccattttyg cattccgate 60
agcacggatg aaattaggca ggaatgceggt ttatattatg cggcattgga caaacgatat 120
ggcattgatt ggcagtttat gaatgtcttc atgttgggceg taaacggatt cctattggtt 180
cagaagacaa cgacgatata tttagagaga aaaagctacc cagcatagga taaacacaca 240
ttgagcattyg agagacatag gtatcggtat ggatgggaaa actacacacyg tgaacaccaa 300
acgacttata tactcgagcg gtgatactac tgagcaagaa tgcactgcat ctgagccact 360
gaatgaagac tgtgatgaaa atgtgaccat cgatggaatt ggagaagaat atgcgcagtt 420
cttcatgtee ccgcaatggg tcccaaatct acatcgettyg agcgaggata ccaaaaaggt 480
ataccgatgt atggtttcca acagactcaa ttattttcee tattatgagyg cgttcaggeg 540
gtetttgttt gatatgtata tgctaggtcg gttggggegt cgacttaagce gatctgactg 600
ggagactatt atgcatctgt caccaacgca aagtcggcegt ctacatagaa ctttaagatt 660
tgtggagcegt agaattatcc catctaacag ttatatacge acatcgggec acgttccgece 720
ttecgagggca cttecgacag atacgaattt aaagatggat gaataattaa attggaaaga 780
gtaactacat taatcgagcg tcatgacggce gtcccgtgaa aatgggaatt ttctactcga 840
aacaccgtga catttgacag acctggaatt gttattctga tatatagtgg gtgtgtctgg 900
ccggcaacat acataatgtg catgcgaaac cacttttteca gtgtacgetg acattgtgca 960
acacggaggg gtagcatcta catacaatat atgttgatta cctgcagggc ggccgccacce 1020
atgggcagca agcccagcac aagaatccca geccccctga tgctgatcac ccgecatcatg 1080
ctgatccectgg gectgcatcag acccacaagce tcectggatg gacgcccceet ggccgcetgece 1140
ggcatcgtygyg tgaccggcga caaggecgtg aacgtgtaca ccagcageca gaccggcage 1200
atcatcgtga agctgctgcce caacatgecce agagacaaag aggcctgege caaggecccce 1260
ctggaagcct acaacagaac cctgaccacce ctgctgacce cectgggega cagcatcaga 1320
aagatccagg gctceegtgag cacaagegge ggaggaaage agggcagact gatcggegece 1380
gtgatcggca gcgtggceccct gggagtggcet acagctgcec agattaccgce tgcagcecgec 1440
ctgatccagg ccaaccagaa cgccgccaac atcctgagac tgaaagagag cattgecgece 1500
accaacgagg ccgtgcacga agtgaccgac ggectgagece agetgtceegt ggeegtggge 1560
aagatgcagce agttcgtgaa cgaccagttce aacaacaccyg ccagagagcet ggactgcate 1620
aagatcacce agcaggtggg cgtggagetg aacctgtace tgaccgaget gaccacagtg 1680
tteggeccee agatcacaag cccagecectg acacagcetga ccatccagge cctgtacaac 1740
ctggctggeg gcaacatgga ctatctgcectg acaaagctgg gaatcggcaa caaccagcetg 1800
tccagectga tceggaagegg cctgatcacce ggctacceca tectgtacga cagccagaca 1860
cagctgetgg gcatccaggt gaacctgecce agegtgggea acctgaacaa catgegegece 1920
acctacctgg aaaccctgag cgtgtccacce accaaggget acgccagege cctggtgece 1980
aaggtggtga cacaggtggg cagcgtgatc gaggaactgg acaccagcta ctgcatcgag 2040
agcgacctgg acctgtactg caccagaatc gtgaccttcecce caatgagccce cggcatctac 2100
agctgectga gceggcaacac cagcgectge atgtacagea agaccgaagyg cgcactgaca 2160
acaccctaca tggccctgaa gggaagegtg atcgccaact gcaagatcac cacctgcaga 2220
tgcaccgace ccccaggcat catcagecag aactacggeg aggccgtgag cctgatcgat 2280
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cgccattect gtaacgtget gteccctggac ggcatcacac tgagactgag cggcgagttce 2340
gatgccacct accagaagaa catcagcatc ctggacagcec aggtgatcgt gaccggcaac 2400
ctggacatca gcaccgagct gggcaacgtg aataacagca tcagcaacgce cctggacaga 2460
ctggccgaga gcaacagcaa gctggaaaaa gtgaacgtge gectgacatce cacttccget 2520
ctgatcacct acatcgtgcect gaccgtgatc agecctggtgt teggcgceccct gagectggtg 2580
ctggcctget acctgatgta caagcagaag gcccagcaga aaaccctget gtggetgggce 2640
aacaacaccce tggaccagat gagagccacce accagagect gatgagcegge cgccccggge 2700
ctgcaggcat aggcacgctc tgatgttaca gaccacaata ccgcatacat ttattgtaag 2760
gttgttaata aaggtttatt ctatgtaaga ctacaatact ttcgacattg cttgtataca 2820
tattaaatac tttctcaagt tcctattaca taaaatggga tctatcatta cattcgttaa 2880
gagtctggat aattttactg tttgccagct tcgatcttgg aacgtactgt ggatagtgece 2940
ttacttggaa tcgtgaaaat ttgaaacgtc cattatttgg atatcttcecg gttgtcccat 3000
atccecgecct ggtaccgete ggataccttg ccecgtatgga ttcecgtattga cagtcgegcea 3060
atcggggacc aacaacgcdgt gggtccacac tcattcggaa attttccgat gattctgaat 3120
atttattgcce gectegttacg agtcgttgga catatctgta atacatttet tettctgaag 3180
gatcgctgca catttgatct atacattggce caggatgttc aagtctcaga tgttgcattce 3240
tggcacagca caactttatg gcatttccga tgtaatcgtc cggcagccct gggggagtte 3300
tatattcgca tattgggatg gtaaggacaa tagcagatct cgcaacctcce agggaggcta 3360
taataacgtt tttaaaggat ggatttctca taaaaatctg tcgcaaatta cactgagaat 3420
atcctttact agcgccgatt gagagcatcg tcgtccaatt ttctaaatgg aaagaaaaca 3480
aggcgggcaa gagtgttcca aacattttca ttttcggcga atctctcaaa teccatggeg 3540
tgcaattgat tgcaaaattg gcacttccgt tcacgtttgt atctccaaac tctaagacac 3600
ttttaattga aaaactacgt tctagtgtgg aaagaaacct ataggcagac catagaacta 3660
tttgacacca catatctttt tgtatgtcaa actgaccatg atcgtat 3707
<210> SEQ ID NO 26
<211> LENGTH: 3707
<212> TYPE: DNA
<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Partial plasmid pHVT US20 cds F CA02 opt

sequence for vHVT303
<400> SEQUENCE: 26
tcecttacgg cggatcgaaa cgacattagg catactceggyg taccattttyg cattccgate 60
agcacggatg aaattaggca ggaatgceggt ttatattatg cggcattgga caaacgatat 120
ggcattgatt ggcagtttat gaatgtcttc atgttgggceg taaacggatt cctattggtt 180
cagaagacaa cgacgatata tttagagaga aaaagctacc cagcatagga taaacacaca 240
ttgagcattyg agagacatag gtatcggtat ggatgggaaa actacacacyg tgaacaccaa 300
acgacttata tactcgagcg gtgatactac tgagcaagaa tgcactgcat ctgagccact 360
gaatgaagac tgtgatgaaa atgtgaccat cgatggaatt ggagaagaat atgcgcagtt 420
cttcatgtee ccgcaatggg tcccaaatct acatcgettyg agcgaggata ccaaaaaggt 480
ataccgatgt atggtttcca acagactcaa ttattttcee tattatgagyg cgttcaggeg 540
gtetttgttt gatatgtata tgctaggtcg gttggggegt cgacttaagce gatctgactg 600



US 9,114,108 B2
111 112

-continued
ggagactatt atgcatctgt caccaacgca aagtcggcgt ctacatagaa ctttaagatt 660
tgtggagcgt agaattatcc catctaacag ttatatacge acatcgggcc acgttcegec 720
ttcgagggca cttccgacag atacgaattt aaagatggat gaataattaa attggaaaga 780
gtaactacat taatcgagcg tcatgacggc gtcccgtgaa aatgggaatt ttctactcga 840
aacaccgtga catttgacag acctggaatt gttattctga tatatagtgg gtgtgtctgg 900
ccggcaacat acataatgtg catgcgaaac cactttttca gtgtacgctg acattgtgca 960

acacggaggg gtagcatcta catacaatat atgttgatta cctgcagggc ggccgccacce 1020
atgggcagca agcccagcac ctggatcage gtgaccctga tgctgatcac cagaaccatg 1080
ctgatcctga gctgeatetg ccccacaage agectggacyg gcagaccect ggecgetgee 1140
ggcatcgtygyg tgaccggcga caaggecgtg aacatctaca ccagcageca gaccggcage 1200
atcatcatca agctgctgcce caacatgecce aaggacaaag aggcctgcege caaggecccce 1260
ctggaagcct acaacagaac cctgaccacce ctgctgacce cectgggega cagcatcaga 1320
agaatccagg gcagcgecac cacaagegge ggaggaaage agggcagact ggtgggeget 1380
atcatcggga gcgtggecct gggcgtggece acagetgece agattaccge tgcagecgece 1440
ctgattcagg ccaatcagaa cgccgccaac atcctgagac tgaaagagag cattgecgece 1500
accaacgacg ccgtgcacga agtgacaaac ggactgtcce agetggetgt cgetgtegge 1560
aagatgcagce agttcgtgaa caaccagttc aacaacaccyg ccagagagcet ggactgcate 1620
aagatcgcce agcaggtggg cgtggagetg aacctgtace tgaccgaget gaccacagtg 1680
tteggeccee agatcacaag ccccgetetg acccagetga caatccagge cctgtacaac 1740
ctggctggeg gcaacatgga ctatctgcectg actaagetgg gagtgggcaa caaccagcetg 1800
tccagectga tcegggtecegg getgatcaca ggcaaccceca tectgtacga cagccagaca 1860
cagctgetgg gcatccagat caacctgeca tcegtgggaa gectgaacaa catgagagcece 1920
acctacctgg aaaccctgag cgtgtccacce accaaggget tegecagege cctggtgece 1980
aaggtggtga cacaggtggg cagcgtgatc gaggaactgg acaccagcta ctgcatcgag 2040
agcgacatcg acctgtactg caccagagtg gtgaccttcecc caatgagccce cggcatctac 2100
agctgectga gceggcaacac cagcgectge atgtacagca agaccgaagyg agcactgaca 2160
acaccctaca tggccctgaa gggaagegtg atcgccaact gcaagatgac cacctgcaga 2220
tgcgecgace ccccaggcat catcagecag aactacggeg aggccgtgag cctgatcgac 2280
aaacattcct gtagcgtgcet gteccctggat ggcatcacac tgagactgag cggcgagttce 2340
gacgccacct accagaagaa catcagcatc ctggacagcec aggtgatcgt gaccggcaac 2400
ctggacatca gcaccgagct gggcaacgtg aacaacagca tcagcagcac cctggacaag 2460
ctggecgagt ccaacaacaa gctgaacaaa gtgaacgtga acctgaccag cacaagcgcce 2520
ctgatcacct acatcgtgcect ggccatcgtg tcecctggect teggegtgat cagectggtg 2580
ctggcctget acctgatgta caagcagaga gcccagcaga aaaccctget gtggetgggce 2640
aataacaccce tggaccagat gagggccacce accagaacct gatgagcegge cgccccggge 2700
ctgcaggcat aggcacgctc tgatgttaca gaccacaata ccgcatacat ttattgtaag 2760
gttgttaata aaggtttatt ctatgtaaga ctacaatact ttcgacattg cttgtataca 2820
tattaaatac tttctcaagt tcctattaca taaaatggga tctatcatta cattcgttaa 2880

gagtctggat aattttactg tttgccagct tcgatcttgg aacgtactgt ggatagtgece 2940
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ttacttggaa tcgtgaaaat ttgaaacgtc cattatttgg atatcttcecg gttgtcccat 3000
atccecgecct ggtaccgete ggataccttg ccecgtatgga ttcecgtattga cagtcgegcea 3060
atcggggacc aacaacgcdgt gggtccacac tcattcggaa attttccgat gattctgaat 3120
atttattgcce gectegttacg agtcgttgga catatctgta atacatttet tettctgaag 3180
gatcgctgca catttgatct atacattggce caggatgttc aagtctcaga tgttgcattce 3240
tggcacagca caactttatg gcatttccga tgtaatcgtc cggcagccct gggggagtte 3300
tatattcgca tattgggatg gtaaggacaa tagcagatct cgcaacctcce agggaggcta 3360
taataacgtt tttaaaggat ggatttctca taaaaatctg tcgcaaatta cactgagaat 3420
atcctttact agcgccgatt gagagcatcg tcgtccaatt ttctaaatgg aaagaaaaca 3480
aggcgggcaa gagtgttcca aacattttca ttttcggcga atctctcaaa teccatggeg 3540
tgcaattgat tgcaaaattg gcacttccgt tcacgtttgt atctccaaac tctaagacac 3600
ttttaattga aaaactacgt tctagtgtgg aaagaaacct ataggcagac catagaacta 3660
tttgacacca catatctttt tgtatgtcaa actgaccatg atcgtat 3707
<210> SEQ ID NO 27
<211> LENGTH: 3946
<212> TYPE: DNA
<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Partial plasmid HVT IG2 SVFopt syn tail

sequence for vHVT304
<400> SEQUENCE: 27
tgtttegcac catatccaag ctggctgtce ctaagagett attcctgcaa gacctcatac 60
ggaataattyg cccgaccaat acttattacg gacataggta ggccgataaa tattatgttg 120
actggaggat ggaaaggagg ttttgtaaca gctacatcge tcegttcatca gcaagcgata 180
ctttggatat ccgagcttca aaagccgcat aaaccccget ttatttcetga atacgceccca 240
acagtaacac atgcgtggtt cctggcactt ggaacgcegt gttttatagyg caagaacata 300
ctacccaaag aggtcttggg atttctggeg cgtegttgea atgaagaaat gaattctttg 360
tteccttgaaa tgccgacaac tctaaaaacg gtattcgage accattactt tacgegtgga 420
tctgaagtaa atccagegtt gttgatggag cctaacagat ttttgcaact gatggattcg 480
cggaaaatce tatgtttata cgaatccget atgtgcgaca accccggage tcagggtatg 540
atactcagct gttattgtgg ccgaccagga ggactccaat gcttagcatt cataagaacg 600
ctagagatgc tatttaacga tgtgctgtcg tctaaagaat ttgtgcattt agcctttaaa 660
tgtaaaacca atgacgcatt cactacgctce gtgcgtgcaa tttcectgggec agggtatgca 720
tattccataa cagaaatcga cacttgagaa gaggatctga ctgtttggga taaaggtcgt 780
ttgggtctgt cctagcgata taatttatat gacgatatac attaaacatc tgtgtgcagt 840
acttaggtat ttaatcatgt cgatgaaatg ttatgtgtaa atatcggaca atatagataa 900
cgggcacget gctattgtaa cgtgcgecceg cgegetagtyg ctgactaata gtgtggatga 960
tgtatacagt atattacaaa cggaaatgat acgtaataaa cctgcaggtc gacccaattc 1020
gagctcggta cagcettggcet gtggaatgtg tgtcagttag ggtgtggaaa gtccccaggce 1080
tcecccagecag gcagaagtat gcaaagcatg catctcaatt agtcagcaac caggtgtgga 1140
aagtccceccag gcectceecccage aggcagaagt atgcaaagca tgcatctcaa ttagtcagca 1200
accatagtcc cgccecctaac teccgeccate ccgeccctaa ctceccgeccag ttecgceccat 1260
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tcteecgecece atggctgact aatttttttt atttatgcag aggccgaggce cgcctceggcece 1320
tctgagcetat tccagaagta gtgaggaggc ttttttggag gecctaggctt ttgcaaaaag 1380
ctecegggge ggccgecace atgggcagca ageccagcac aagaatccca gccccectga 1440
tgctgatcac ccgcatcatg ctgatcctgg gctgcatcag acccacaagce tecctggatg 1500
gacgcccect ggecgetgee ggcatcegtgg tgaccggcega caaggcecgtg aacgtgtaca 1560
ccagcagcca gaccggcage atcatcgtga agetgctgece caacatgcecce agagacaaag 1620
aggcctgege caaggeccce ctggaagect acaacagaac cctgaccacce ctgctgacce 1680
cectgggega cagcatcaga aagatccagg getccegtgag cacaagcegge ggaggaaagce 1740
agggcagact gatcggegcece gtgatcggea gegtggecct gggagtgget acagetgcece 1800
agattaccge tgcagecgcce ctgatccagg ccaaccagaa cgcecgccaac atcctgagac 1860
tgaaagagag cattgccgcc accaacgagg ccgtgcacga agtgaccgac ggcectgagece 1920
agctgtecgt ggccecgtgggce aagatgcagce agttcgtgaa cgaccagttce aacaacaccg 1980
ccagagagcet ggactgcatc aagatcaccce agcaggtggyg cgtggagetyg aacctgtace 2040
tgaccgaget gaccacagtg ttcggeccee agatcacaag cccagccctyg acacagcetga 2100
ccatccaggce cctgtacaac ctggctggcg gcaacatgga ctatctgctg acaaagctgg 2160
gaatcggcaa caaccagctg tccagectga tcggaagegg cctgatcacce ggctacccca 2220
tcetgtacga cagccagaca cagctgetgg geatccaggt gaacctgecce agegtgggca 2280
acctgaacaa catgcgecgece acctacctgg aaaccctgag cgtgtccacce accaagggcet 2340
acgccagcege cctggtgece aaggtggtga cacaggtggg cagegtgatce gaggaactgg 2400
acaccagcta ctgcatcgag agcgacctgg acctgtactg caccagaatc gtgaccttcee 2460
caatgagcce cggcatctac agctgectga geggcaacac cagegectge atgtacagca 2520
agaccgaagg cgcactgaca acaccctaca tggccctgaa gggaagcegtyg atcgccaact 2580
gcaagatcac cacctgcaga tgcaccgacc ccccaggcat catcagcecag aactacggeg 2640
aggccgtgag cctgatcgat cgccattcct gtaacgtget gtccecctggac ggcatcacac 2700
tgagactgag cggcgagttc gatgccacct accagaagaa catcagcatc ctggacagcce 2760
aggtgatcgt gaccggcaac ctggacatca gcaccgaget gggcaacgtyg aataacagca 2820
tcagcaacgce cctggacaga ctggccgaga gcaacagcaa gctggaaaaa gtgaacgtge 2880
gcctgacate cacttececgcet ctgatcacct acatcgtget gaccgtgatce agectggtgt 2940
tcggecgecct gagectggtyg ctggectgcet acctgatgta caagcagaag gceccagcaga 3000
aaaccctgcet gtggetggge aacaacaccce tggaccagat gagagccacce accagagcect 3060
gatgagcggce cgcgatatca ataaaatatc tttattttca ttacatctgt gtgttggttt 3120
tttgtgtgaa tcgatagtac taacatacgc tctccatcaa aacaaaacga aacaaaacaa 3180
actagcaaaa taggctgtcc ccagtgcaag tgcaggtgcc agaacatttce tcecttctagac 3240
ctgcaggtta tgtactctta ttgatttata aaaacataca tgcagtgttg ctatgtcaca 3300
taattagcct cgccecgteta cgctccactg aagataatgg gcectcccecgcectg ttcaaaaaaa 3360
tcagcgtgeg tcgataagac tttggtgcag tctetteggg gtcgcaattt agatttgecg 3420
catggagggt atctggggat ttttgccaat gctggagcga cgactgtacg attcgtccca 3480
tcgggatcta gcagaccaat gatgttgaca cacatcggcce atgcatgtac ggacggtcta 3540
ttgcgcgagt ttgttatttt cgaaggacaa gatggaagtg tatatggaac cgacaataat 3600
gttagtttge atttcttagg gcggaatcta catgatatct tatccaagcg gggtatgagce 3660



117

US 9,114,108 B2

118

-continued
cagagagatg tgatggtcat aaagggtaaa ttttttagat ctgaaataac gcagttgccc 3720
aaacaacgat cgcgattaaa agaaaaatcg gatggttcaa ttaggacatg catggattct 3780
gtgcgcataa accataaccg cagcactgtt gggcacttceg gtaactcaaa tgcgaagcegt 3840
tgcacgtctg cgataactac gcctactatg cacattgtta ctcctgcatce ttaaaaatat 3900
atcctgtagt aattttcaca gcaatgtcat aacatcatct cgctaa 3946

<210> SEQ ID NO 28
<211> LENGTH: 4654

<212> TYPE

: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Partial plasmid pHVT US2 SV-FCA02 opt-synPA for

VHVT307

<400> SEQUENCE: 28

tatctccaca

atctggegac

acccatattce

tgtaatttcg

gcgaaagtag

attcggaagg

gegatcgatt

aacaatgcat

acctgtgteg

gaattaaatc

catttattgt

tgaccggeta

tactcgggge

tgtttgecat

tacaaacact

acttcaacga

cccagetgea

getgectatyg

cagtagataa

ataggggaaa

ccecegggect

cagttagggt

ctcaattagt

caaagcatge

ccectaacte

tatgcagagg

tttggaggcec

ccagcacctyg

gecatctgece

tcgtatteag

atcgacggtt

gaggcactta

ggacgttgga

tacgagaccyg

cgtgggcatg

gcctgggcga

ggagcatctyg

gtttgccaaa

dgcaggeggy

gagactgttt

tgtaatgcta

tgcagatatc

taaagtacca

tctecacgtec

cagtaatatg

ggggettggt

ttgcegteca

aaacgtacat

attcaatagt

gcaggtcgac

gtggaaagtc

cagcaaccag

atctcaatta

cgcccagtte

ccgaggeage

taggcttttyg

gatcagcgtyg

cacaagcagc

gcccacggaa

ctgcaaccgt

ctttcgaaga

tgatataaaa

gcagtcaaaa

ggtgtgtgca

tctegtgacy

aagaatgatg

tccacatteg

agtggtatge

gaagatgtag

gaatcggagg

tgcagaactg

ggcacctggg

acttgggaac

gegtgegtat

atcgagtcca

atacatgacg

gatggcaata

agataaaccc

ccaattcgag

cccaggetec

gtgtggaaag

gtcagcaacce

cgcecattet

cteggectet

caaaaagctce

accctgatge

ctggacggca

gtcttegtta

cgtaccgett

ctcaacatct

tatatagtac

agacgtttece

tgataactct

ctgectecac

tgggtgtgcc

ttttgcceeyg

ceggtteegy

ceggttgege

cctecgataa

caatagaatc

ctggaatgec

ctaaatttga

atcaaattat

catgcaccce

acgacgecte

tgcttgtaga

aactagtgtg

ctcggtacag

ccagcaggea

tccecagget

atagtccege

cecgeccecatyg

gagctattee

c¢cggggegge

tgatcaccag

gacccetgge

tcgaagctat

tcgatatttt

acttccatcg

gCgtCnggt

gatcttccac

cgtcacttta

cctatggatce

catattagtc

ceggeatege

attggcagga

taccgaatgg

cgtatcgtat

aatacctcta

ttgggccatt

aaacatagaa

cggceteteca

acctaaacge

cgttcecatyg

ggctcccaag

aggaaattgce

cttggetgty

gaagtatgca

ccccagcagg

ccctaactcee

gctgactaat

agaagtagtyg

cgccaccatyg

aaccatgcetyg

cgectgecgge

tgttactagt

cacagacaat

ccgecacgta

atacacctgt

agctccagtt

ctagacgaat

tttctcatag

cgtacagcag

ccaattgtga

acgagagatg

caggatctac

agcctgtgga

ccaaaacgtt

ccatgtgaga

gataaggegt

ccagacgtte

aatttgtgtt

ggcgttaaga

tgtatcacag

atctacttge

gaatgtgtgt

aagcatgcat

cagaagtatg

geccatceeg

tttttttatt

aggaggcettt

ggcagcaagce

atcctgaget

atcgtggtga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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cecggegacaa ggccgtgaac atctacacca geagccagac cggcagcatce atcatcaage 1800
tgctgeccaa catgceccaag gacaaagagg cctgcgccaa ggceccccctyg gaagectaca 1860
acagaaccct gaccaccctg ctgaccecee tgggcgacag catcagaaga atccagggca 1920
gegecaccac aagcggcgga ggaaagcagg gcagactggt gggcgcetatce atcgggageg 1980
tggcecetggg cgtggccaca gcetgceccaga ttaccgetge agceccgecctg attcaggeca 2040
atcagaacgc cgccaacatc ctgagactga aagagagcat tgccgccacce aacgacgccg 2100
tgcacgaagt gacaaacgga ctgtcccagce tggctgtege tgtcggcaag atgcagcagt 2160
tcgtgaacaa ccagttcaac aacaccgceca gagagctgga ctgcatcaag atcgeccage 2220
aggtgggcgt ggagctgaac ctgtacctga ccgagctgac cacagtgttce ggcccccaga 2280
tcacaagcce cgctctgace cagctgacaa tcecaggccect gtacaacctyg gctggeggea 2340
acatggacta tctgctgact aagctgggag tgggcaacaa ccagctgtcce agcctgatcg 2400
ggtceggget gatcacagge aaccccatcce tgtacgacag ccagacacag ctgcetgggea 2460
tccagatcaa cctgecatce gtgggaagece tgaacaacat gagagccacce tacctggaaa 2520
ccctgagegt gtccaccacce aagggctteg ccagegecct ggtgeccaag gtggtgacac 2580
aggtgggcag cgtgatcgag gaactggaca ccagctactyg catcgagagce gacatcgace 2640
tgtactgcac cagagtggtg accttcccaa tgagccccegg catctacage tgcctgageg 2700
gcaacaccag cgcectgcatg tacagcaaga ccgaaggagce actgacaaca ccctacatgg 2760
ccctgaaggg aagegtgatce gecaactgca agatgaccac ctgcagatge gccgaccccce 2820
caggcatcat cagccagaac tacggcgagg ccgtgagect gatcgacaaa cattcctgta 2880
gcgtgctgte cctggatgge atcacactga gactgagcgg cgagttcgac gccacctacce 2940
agaagaacat cagcatcctg gacagccagg tgatcgtgac cggcaacctyg gacatcagca 3000
ccgagetggg caacgtgaac aacagcatca gecagcaccct ggacaagcetyg gccgagtcca 3060
acaacaagct gaacaaagtg aacgtgaacc tgaccagcac aagcgccctyg atcacctaca 3120
tcgtgetgge catcgtgtec ctggectteg gecgtgatcag cctggtgctg gectgctace 3180
tgatgtacaa gcagagagcc cagcagaaaa ccctgctgtyg getgggcaat aacaccctgg 3240
accagatgag ggccaccacc agaacctgat gagcggccgce gatatcaata aaatatcttt 3300
attttcatta catctgtgtg ttggtttttt gtgtgaatcg atagtactaa catacgctct 3360
ccatcaaaac aaaacgaaac aaaacaaact agcaaaatag gctgtcccca gtgcaagtge 3420
aggtgccaga acatttctcect tcectagacctg caggcatatg ttgtcccatt atgttgtaca 3480
taatcgtgat gtagtgctac gcaaatgtca attgatagcc catacatggt gctaatatgce 3540
gttactttta gtatgtgagt gaataaaaaa atattacccc tatgatacct gcgtctttat 3600
gctacaagtt ccttcaccat gaccagagcc ggtgcgatca tattcgacaa cttggatatt 3660
cccagaggta gatttggcca gecgcgggga aaaataaatg acttcaacta ctggaccttg 3720
ctaaccgatg agctgacgtg tggaattatt caatgtatgg agtcgcgcga gcgaattgcece 3780
ctagtgcatt cagcaacata cgatcatggt cagtttgaca tacaaaaaga tatgtggtgt 3840
caaatagttc tatggtctgc ctataggttt ctttccacac tagaacgtag tttttcaatt 3900
aaaagtgtct tagagtttgg agatacaaac gtgaacggaa gtgccaattt tgcaatcaat 3960
tgcacgccat gggatttgag agattcgccg aaaatgaaaa tgtttggaac actcttgecce 4020
gccttgtttt ctttecattt agaaaattgg acgacgatgce tcectcaatcgg cgctagtaaa 4080
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ggatattctec agtgtaattt gcgacagatt tttatgagaa atccatcctt taaaaacgtt 4140
attatagcct cecctggaggt tgcgagatct gctattgtece ttaccatccce aatatgcgaa 4200
tatagaactc ccccagggct gcecggacgat tacatcggaa atgccataaa gttgtgetgt 4260
gccagaatge aacatctgag acttgaacat cctggccaat gtatagatca aatgtgcage 4320
gatccttcag aagaagaaat gtattacaga tatgtccaac gactcgtaac gagcggcaat 4380
aaatattcag aatcatcgga aaatttccga atgagtgtgg acccacgcgt tgttggtccce 4440
cgattgcgeg actgtcaata cgaatccata cgggcaaggt atccgagcgg taccagggcg 4500
ggatatggga caaccggaag atatccaaat aatggacgtt tcaaattttc acgattccaa 4560
gtaaggcact atccacagta cgttccaaga tcgaagctgg caaacagtaa aattatccag 4620
actcttaacg aatgtaatga tagatcccat ttta 4654

<210> SEQ ID NO 29
<211> LENGTH: 5381

<212> TYPE

: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: partial plasmid pCD046+NDV-F VII YZCQ sequence

for HVT112

<400> SEQUENCE: 29

gagctcaggg

cattcataag

atttagectt

ggccagggta

gggataaagg

catctgtgtyg

gacaatatag

aatagtgtgg

actcttattg

cegtetacge

ataagacttt

tggggatttt

gaccaatgat

ttattttcga

tcttagggeyg

tggtcataaa

gattaaaaga

ataaccgcag

taactacgcc

tttcacagca

gaatatttge

ccaactcege

ccctaatttyg

tceccacgegy

tatgatactc

aacgctagag

taaatgtaaa

tgcatattce

tegtttgggt

cagtacttag

ataacgggca

atgatgtata

atttataaaa

tccactgaag

ggtgcagtcet

tgccaatget

gttgacacac

aggacaagat

gaatctacat

gggtaaattt

aaaatcggat

cactgttggyg

tactatgcac

atgtcataac

aaccaatgca

cecgttttatg

caaagccaaa

aaagcccect

agetgttatt

atgctattta

accaatgacg

ataacagaaa

ctgtectage

gtatttaatc

cgctgetatt

cagtatatta

acatacatgc

ataatgggct

ctteggggte

ggagcgacga

atcggcecatg

ggaagtgtat

gatatcttat

tttagatctyg

ggttcaatta

cacttecggta

attgttactc

atcatctege

ttgaataaac

actagaacca

cgcecectat

aatacactca

gtggcegace

acgatgtget

cattcactac

tcgacacttyg

gatataattt

atgtcgatga

gtaacgtgceyg

caaacggaaa

agtgttgcta

ccegetgtte

gcaatttaga

ctgtacgatt

catgtacgga

atggaaccga

ccaagcgggyg

aaataacgca

ggacatgcat

actcaaatge

ctgcatctta

taaagaatga

taacattaaa

atagttttta

gtgagtaata

tatggcatat

aggaggactce

gtcgtctaaa

getegtgegt

agaagaggat

atatgacgat

aatgttatgt

ccegegeget

tgatacgtaa

tgtcacataa

aaaaaaatca

tttgcecgeat

cgteccateg

cggtctattyg

caataatgtt

tatgagccag

gttgcccaaa

ggattetgtyg

gaagcgttge

aaaatatatc

cctgggatty

cgaattcaat

atgccaaatg

cggggacttt

gaatcagcac

caatgcttag

gaatttgtge

gcaatttetg

ctgactgttt

atacattaaa

gtaaatatcg

agtgctgact

taaattatgt

ttagcctege

gegtgegteg

ggagggtatc

ggatctagca

cgcgagttty

agtttgcatt

agagatgtga

caacgatcge

cgcataaacc

acgtctgega

ctgtagtaat

gagaagtaat

agtggatcce

cactgaaatc

ttacccaatt

ggtcatgcac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440



123

US 9,114,108 B2

124

-continued
tctaatggcg gecccataggg actttcecaca tagggggcegt tcaccattte ccagcatagg 1500
ggtggtgact caatggcctt tacccaagta cattgggtca atgggaggta agccaatggg 1560
tttttececat tactggcaag cacactgagt caaatgggac tttccactgg gttttgccca 1620
agtacattgg gtcaatggga ggtgagccaa tgggaaaaac ccattgctgce caagtacact 1680
gactcaatag ggactttcca atgggttttt ccattgttgg caagcatata aggtcaatgt 1740
gggtgagtca atagggactt tccattgtat tctgcccagt acataaggtc aatagggggt 1800
gaatcaacag gaaagtccca ttggagccaa gtacactgceg tcaataggga ctttccattg 1860
ggttttgcce agtacataag gtcaataggg gatgagtcaa tgggaaaaac ccattggagce 1920
caagtacact gactcaatag ggactttcca ttgggttttg cccagtacat aaggtcaata 1980
gggggtgagt caacaggaaa gttccattgg agccaagtac attgagtcaa tagggacttt 2040
ccaatgggtt ttgcccagta cataaggtca atgggaggta agccaatggg tttttcecccat 2100
tactggcacg tatactgagt cattagggac tttccaatgg gttttgccca gtacataagg 2160
tcaatagggg tgaatcaaca ggaaagtccc attggagcca agtacactga gtcaataggg 2220
actttccatt gggttttgcc cagtacaaaa ggtcaatagg gggtgagtca atgggttttt 2280
cccattattg gcacgtacat aaggtcaata ggggtgagtc attgggtttt tccagccaat 2340
ttaattaaaa cgccatgtac tttcccacca ttgacgtcaa tgggctattg aaactaatgc 2400
aacgtgacct ttaaacggta ctttcccata gctgattaat gggaaagtac cgttctcgag 2460
ccaatacacg tcaatgggaa gtgaaagggc agccaaaacyg taacaccgece ccggttttee 2520
cctggaaatt ccatattggc acgcattcta ttggctgage tgcgttctac gtgggtataa 2580
gaggcgcegac cagegtceggt accgtegcag tetteggtet gaccaccgta gaacgcagag 2640
ctecctegetg caggecggecg catgggctcet aaacctteta ccaggatccce agcacctcetg 2700
atgctgatca cccggattat gcectgatattg gactgtatcce gtccgacaag ctcetcttgac 2760
ggcaggccete ttgcagectge aggaattgta gtaacaggag ataaggcagt caatgtatat 2820
acctcgtete agacagggtc aatcatagtc aagttgctcce cgaatatgcc caaggataag 2880
gaggcgtgtyg cgaaagaccce attagaggca tataacagaa cactgactac tttgctcact 2940
cctettggeg aatccatcceg caagatccaa gggtctgtgt ccacgtctgg aggaggcaag 3000
caaggccgcece tgataggtge tgttattggt agtgtagetce ttggggttgce aacagcggca 3060
caaataacag cagctgcggce cctaatacaa gccaaccaga atgctgccaa catccttegg 3120
cttaaggaga gcattgctgc aaccaatgaa gctgtgcatg aagtcaccga cggattatca 3180
caactatcag tggcagttgg gaagatgcag cagtttgtca atgaccagtt taataataca 3240
gcgcgagaat tggactgtat aaaaatcaca caacaggttg gtgtagaact caacctatac 3300
ctaactgaat tgactacagt attcgggcca cagatcacct cccctgcatt aactcagcetg 3360
accatccagg cactttataa tttagctggt ggcaatatgg attacttatt aactaagtta 3420
ggtataggga acaatcaact cagctcatta attggcagcg gcctgatcac tggttaccct 3480
atattgtatg actcacagac tcaactcttg ggcatacaag tgaatttgcc ctcagtcggg 3540
aacttaaata atatgcgtgc cacctattta gagaccttat ctgtaagtac agccaaagga 3600
tatgcctcag cacttgttec aaaagtagtg acacaagtcg gttctgtgat agaagagcett 3660
gacacctcat actgtataga gtccgatctg gatttatatt gtactagaat agtgacattc 3720
cccatgteccece caggtattta ttecctgttta agcggcaaca catcagcttg catgtattca 3780
aagactgaag gcgcactcac tacgccgtat atggccctta aaggctcagt tattgccaat 3840



US 9,114,108 B2
125 126

-continued

tgtaagataa caacatgtag atgtacagac cctcctggta tcatatcgca aaattatgga 3900
gaagctgtat ccctgataga tagacattcg tgcaatgtcect tatcattaga cgggataact 3960
ctgaggctca gtggagaatt tgatgcaact tatcaaaaga acatctcaat actagattct 4020
caagtcatcg tgacaggcaa tcttgatata tcaactgaac ttggaaacgt caacaattca 4080
atcagcaatg ccttggataa gttggcaaaa agcaacagca agctagaaaa agtcaatgtc 4140
agactaacca gcacatccgce tcectcattacce tatattgttc tgactgtcat ttcectctagtt 4200
ttcggtgcac taagtctggg tttaacatgt tacctgatgt acaaacaaaa ggcacaacaa 4260
aagaccttgce tatggcttgg gaataatacc ctcgatcaga tgagagccac tacaagagca 4320
tgagcggccg cggggatcca gacatgataa gatacattga tgagtttgga caaaccacaa 4380
ctagaatgca gtgaaaaaaa tgctttattt gtgaaatttg tgatgctatt gectttatttg 4440
taaccattat aagctgcaat aaacaagtta acaacaacaa ttgcattgat tttatgtttc 4500
aggttcaggg ggaggtgtgg gaggtttttt cggatcctcect agagtcgaca attattttat 4560
ttaataacat atagcccaaa gacctctatg aacatttagt ttcccgtata ctcaacggceg 4620
cgtgtacaca cgcatctctt tgcatagcga tgaagtttgt tcggcagcag aaaatgcaga 4680
tatccaacaa tctggagaaa acttatcatc acagtggcag tggaaacata ccccctctat 4740
attcatggta taattatcgt ctacagcgtc caggatagtg gcgtgagaaa atggagatct 4800
gcagccctee ttteccatgge atgecgettt attgttcatt aaacgcacaa tggtctcaac 4860
gccagatatg ggcatagatt ctgaagaacc cgttgacaat ccgaagaaga aggcgtgcag 4920
gtctttggaa gactcgcacg ttggtcttat aatgtatgat cgagatgtca ccctaatgece 4980
acatggtaca ggcttatcge ggtcatggcg atcggacttg taatttgcaa cgatgggcaa 5040
aggatcgacg acatgccaaa cattctgaac ccgtagagat gttaacgatg acgaggatga 5100
atatcccatg ctcgctgeca tagtatcaag tacaccgcga ataaggacgce gtccaacatce 5160
gttatatgca cacaatgggc tacacgtgac taacaccccc gaatattagt catatgtgag 5220
tttcagtctg gectceccatat agectgtaga ctatttgtgg tttaagtgtg aacgaggcgce 5280
tgtgaacgag actcgggccg attgtaagaa caagcaaatg cactttccat ttaacaagaa 5340
gtgtagagag aatactcaac ctctttggat gtatcctcga g 5381
<210> SEQ ID NO 30

<211> LENGTH: 5381

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: partial plasmid pCD046+Texas NDV-F sequence for

HVT113

<400> SEQUENCE: 30

gagctcaggyg tatgatactce agcetgttatt gtggccgacce aggaggactc caatgcttag 60
cattcataag aacgctagag atgctattta acgatgtget gtegtctaaa gaatttgtge 120
atttagcctt taaatgtaaa accaatgacg cattcactac gctegtgegt gcaatttcetg 180
ggccagggta tgcatattcce ataacagaaa tcgacacttg agaagaggat ctgactgttt 240
gggataaagyg tcgtttgggt ctgtectage gatataattt atatgacgat atacattaaa 300
catctgtgtg cagtacttag gtatttaatc atgtcgatga aatgttatgt gtaaatatcg 360
gacaatatag ataacgggca cgctgctatt gtaacgtgceg cccgegeget agtgetgact 420

aatagtgtgg atgatgtata cagtatatta caaacggaaa tgatacgtaa taaattatgt 480
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actcttattg atttataaaa acatacatgc agtgttgcta tgtcacataa ttagectcge 540
cegtetacge tccactgaag ataatggget ceegetgtte aaaaaaatca gegtgegtceg 600
ataagacttt ggtgcagtct cttcggggtce gcaatttaga tttgccgcat ggagggtate 660
tggggatttt tgccaatgct ggagcgacga ctgtacgatt cgtcecccatcyg ggatctagca 720
gaccaatgat gttgacacac atcggccatg catgtacgga cggtctattg cgegagtttg 780
ttattttcga aggacaagat ggaagtgtat atggaaccga caataatgtt agtttgcatt 840
tcttagggeyg gaatctacat gatatcttat ccaagcegggyg tatgagccag agagatgtga 900
tggtcataaa gggtaaattt tttagatctg aaataacgca gttgcccaaa caacgatcge 960
gattaaaaga aaaatcggat ggttcaatta ggacatgcat ggattctgtg cgcataaacc 1020
ataaccgcag cactgttggg cacttcggta actcaaatgc gaagcgttge acgtctgcega 1080
taactacgcce tactatgcac attgttactc ctgcatctta aaaatatatc ctgtagtaat 1140
tttcacagca atgtcataac atcatctcgc taaagaatga cctgggattg gagaagtaat 1200
gaatatttgc aaccaatgca ttgaataaac taacattaaa cgaattcaat agtggatccc 1260
ccaactccge cecgttttatg actagaacca atagttttta atgccaaatg cactgaaatc 1320
ccctaatttg caaagccaaa cgccccectat gtgagtaata cggggacttt ttacccaatt 1380
tcecacgegg aaageccect aatacactca tatggcatat gaatcagcac ggtcatgcac 1440
tctaatggcg gecccataggg actttcecaca tagggggcegt tcaccattte ccagcatagg 1500
ggtggtgact caatggcctt tacccaagta cattgggtca atgggaggta agccaatggg 1560
tttttececat tactggcaag cacactgagt caaatgggac tttccactgg gttttgccca 1620
agtacattgg gtcaatggga ggtgagccaa tgggaaaaac ccattgctgce caagtacact 1680
gactcaatag ggactttcca atgggttttt ccattgttgg caagcatata aggtcaatgt 1740
gggtgagtca atagggactt tccattgtat tctgcccagt acataaggtc aatagggggt 1800
gaatcaacag gaaagtccca ttggagccaa gtacactgceg tcaataggga ctttccattg 1860
ggttttgcce agtacataag gtcaataggg gatgagtcaa tgggaaaaac ccattggagce 1920
caagtacact gactcaatag ggactttcca ttgggttttg cccagtacat aaggtcaata 1980
gggggtgagt caacaggaaa gttccattgg agccaagtac attgagtcaa tagggacttt 2040
ccaatgggtt ttgcccagta cataaggtca atgggaggta agccaatggg tttttcecccat 2100
tactggcacg tatactgagt cattagggac tttccaatgg gttttgccca gtacataagg 2160
tcaatagggg tgaatcaaca ggaaagtccc attggagcca agtacactga gtcaataggg 2220
actttccatt gggttttgcc cagtacaaaa ggtcaatagg gggtgagtca atgggttttt 2280
cccattattg gcacgtacat aaggtcaata ggggtgagtc attgggtttt tccagccaat 2340
ttaattaaaa cgccatgtac tttcccacca ttgacgtcaa tgggctattg aaactaatgc 2400
aacgtgacct ttaaacggta ctttcccata gctgattaat gggaaagtac cgttctcgag 2460
ccaatacacg tcaatgggaa gtgaaagggc agccaaaacyg taacaccgece ccggttttee 2520
cctggaaatt ccatattggc acgcattcta ttggctgage tgcgttctac gtgggtataa 2580
gaggcgcegac cagegtceggt accgtegcag tetteggtet gaccaccgta gaacgcagag 2640
ctecctegetg caggecggecg catgggctcee agatcttceta ccaggatccce ggtacctcta 2700
atgctgatca tccgaaccgce gctgacactg agctgtatcce gtctgacaag ctetcttgat 2760
ggcaggccete ttgeggcectge agggatcecgtg gtaacaggag ataaagcagt caacatatac 2820
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acctcatcce agacagggtc aatcatagtt aagttactcc cgaatatgcc caaggacaaa 2880
gaggtgtgtyg caaaagccce attggaggca tacaacagga cactgactac tttactcacc 2940
ccecttggtg attctatceg caggatacaa gagtctgtga ctacttccgg aggaggcaag 3000
caaggccgcece tgataggtge cattatcgge agtgtagetce ttggggttgce gacagctgca 3060
cagataacag cagcttcggce cctgatacaa gccaaccaga atgctgccaa catcctecgg 3120
cttaaagaga gcattgctgc aaccaatgaa gctgtgcacg aggtcactga cggattatca 3180
caactagcag tggcagtagg gaagatgcaa cagtttgtca atgaccagtt caataataca 3240
gcgcaagaat tggactgtat aaaaattgca cagcaggtcg gtgtagaact caacttgtac 3300
ctaactgaat tgactacagt atttgggcca caaatcactt cccctgcectt aactcagcetg 3360
actatccaag cgctttacaa tctagctggt ggtaatatgg attacttgct gactaagtta 3420
ggtgtaggga acaaccaact cagctcatta attggtagcg gcttgatcac cggcaaccct 3480
attctgtacg actcacagac tcagatcttg ggtatacagg taactttgcc ttcagttggg 3540
aacctgaata atatgcgtgc cacctacctg gagaccttat ctgtaagcac aaccaaggga 3600
tttgcctcag cacttgtecc aaaagtggtg acacaggtcg gttccgtgat agaagaactt 3660
gacacctcat actgtatagg gaccgacttg gatttatact gtacaagaat agtgacattc 3720
cctatgtecte ctggtattta ttecttgtctg agcggtaata catcggcttg catgtattca 3780
aagactgaag gcgcacttac tacgccatat atggctctca aaggctcagt tattgccaat 3840
tgcaagctga caacatgtag atgtgcagat cccccaggta tcatatcgca aaattatgga 3900
gaagctgtgt ccttaataga taggcactca tgcaacgtcect tatccttaga cgggataact 3960
ctgaggctca gtggggaatt tgatgcaacc tatcaaaaga atatctctat actagattct 4020
caagttatag tgacaggcaa tcttgatata tcaactgagc ttgggaatgt caacaactca 4080
ataagtaatg ccctgaataa gttagaggaa agcaacagca aactagacaa agtcaatgtc 4140
aaactgacca gcacatctgce tctcattacce tacatcgttt taactgtcat atctcttgtt 4200
tttggtgtac ttagcctggt tcectagcatgce tacctgatgt acaagcaaaa ggcacaacaa 4260
aagaccttgt tatggcttgg gaataatacc cttgatcaga tgagagccac tacaaaaata 4320
tgagcggccg cggggatcca gacatgataa gatacattga tgagtttgga caaaccacaa 4380
ctagaatgca gtgaaaaaaa tgctttattt gtgaaatttg tgatgctatt gectttatttg 4440
taaccattat aagctgcaat aaacaagtta acaacaacaa ttgcattgat tttatgtttc 4500
aggttcaggg ggaggtgtgg gaggtttttt cggatcctcect agagtcgaca attattttat 4560
ttaataacat atagcccaaa gacctctatg aacatttagt ttcccgtata ctcaacggceg 4620
cgtgtacaca cgcatctctt tgcatagcga tgaagtttgt tcggcagcag aaaatgcaga 4680
tatccaacaa tctggagaaa acttatcatc acagtggcag tggaaacata ccccctctat 4740
attcatggta taattatcgt ctacagcgtc caggatagtg gcgtgagaaa atggagatct 4800
gcagccctee ttteccatgge atgecgettt attgttcatt aaacgcacaa tggtctcaac 4860
gccagatatg ggcatagatt ctgaagaacc cgttgacaat ccgaagaaga aggcgtgcag 4920
gtctttggaa gactcgcacg ttggtcttat aatgtatgat cgagatgtca ccctaatgece 4980
acatggtaca ggcttatcge ggtcatggcg atcggacttg taatttgcaa cgatgggcaa 5040
aggatcgacg acatgccaaa cattctgaac ccgtagagat gttaacgatg acgaggatga 5100
atatcccatg ctcgctgeca tagtatcaag tacaccgcga ataaggacgce gtccaacatce 5160

gttatatgca cacaatgggc tacacgtgac taacaccccc gaatattagt catatgtgag 5220
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132

tttcagtctyg gcteccatat agecctgtaga ctatttgtgyg tttaagtgtyg aacgaggcge
tgtgaacgag actcgggccg attgtaagaa caagcaaatyg cactttccat ttaacaagaa
gtgtagagag aatactcaac ctctttggat gtatcctcga g

<210> SEQ ID NO 31

<211> LENGTH: 4600

<212> TYPE: DNA

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: partial plasmid pHM119 sequence for vHVTO039
<400> SEQUENCE: 31

gagctcaggyg tatgatactce agcetgttatt gtggccgacce aggaggactc caatgcttag
cattcataag aacgctagag atgctattta acgatgtget gtegtctaaa gaatttgtge
atttagcctt taaatgtaaa accaatgacg cattcactac gctegtgegt gcaatttcetg
ggccagggta tgcatattcce ataacagaaa tcgacacttg agaagaggat ctgactgttt
gggataaagyg tcgtttgggt ctgtectage gatataattt atatgacgat atacattaaa
catctgtgtg cagtacttag gtatttaatc atgtcgatga aatgttatgt gtaaatatcg
gacaatatag ataacgggca cgctgctatt gtaacgtgceg cccgegeget agtgetgact
aatagtgtgg atgatgtata cagtatatta caaacggaaa tgatacgtaa taaattatgt
actcttattg atttataaaa acatacatgc agtgttgcta tgtcacataa ttagectcge
cegtetacge tccactgaag ataatggget ceegetgtte aaaaaaatca gegtgegtceg
ataagacttt ggtgcagtct cttcggggtce gcaatttaga tttgccgcat ggagggtate
tggggatttt tgccaatgct ggagcgacga ctgtacgatt cgtcecccatcyg ggatctagca
gaccaatgat gttgacacac atcggccatg catgtacgga cggtctattg cgegagtttg
ttattttcga aggacaagat ggaagtgtat atggaaccga caataatgtt agtttgcatt
tcttagggeyg gaatctacat gatatcttat ccaagcegggyg tatgagccag agagatgtga
tggtcataaa gggtaaattt tttagatctg aaataacgca gttgcccaaa caacgatcge
gattaaaaga aaaatcggat ggttcaatta ggacatgcat ggattctgtg cgcataaacc
ataaccgcag cactgttggg cacttcggta actcaaatge gaagegttge acgtctgcga
taactacgce tactatgcac attgttactc ctgcatctta aaaatatatc ctgtagtaat
tttcacagca atgtcataac atcatctcge taaagaatga cctgggattyg gagaagtaat
gaatatttgc aaccaatgca ttgaataaac taacattaaa cgaattccga tgtttagtca
cgatagacat cggttcgeccce agccgtcgaa tacagcatta tattttagtg ttgaaaatgt
agggctgett cctcacttaa aggaggaaat ggctcgatte atgtttcata gcagtagaaa
aacagattgg accgtcagta agtttagagg gttttatgac tttagcacta tagataatgt
aactgcggee catcgcatgg cttggaaata tatcaaagaa ctgatttttg caacagettt
attttecttet gtatttaaat gtggcgaatt gecacatctgt cgtgccgaca gtttgcagat
caacagcaat ggagactatg tatggaaaaa tggaatatat ataacatatg aaaccgaata
tccacttata atgattctgg ggtcagaatc aagcacttca gaaacgcaaa atatgactge
aattattgat acagatgttt tttcgttget ttattctatt ttgcagtata tggcccccegt

tacggcagat caggtgcgag tagaacagat taccaacagce cacgcccceca tctgaccegt

ccaatattct tgtgtccctg cattttatct cacacaattt atgaacagca tcattaagat

5280

5340

5381

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860
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catctcactg cggccgcaag atgggctcca gatcttctac caggatcccg gtacctctaa 1920
tgctgatcat ccgaaccgceg ctgacactga gctgtatccg tcectgacaage tetcecttgatg 1980
gcaggcctet tgcggctgca gggatcgtgg taacaggaga taaagcagtc aacatataca 2040
cctcatccca gacagggtca atcatagtta agttactccce gaatatgccce aaggacaaag 2100
aggtgtgtgc aaaagcccca ttggaggcat acaacaggac actgactact ttactcaccce 2160
ccettggtga ttcectatcege aggatacaag agtctgtgac tacttccgga ggaaggagac 2220
agagacgctt tataggtgcc attatcggca gtgtagetcect tggggttgcg acagctgcac 2280
agataacagc agcttecggcece ctgatacaag ccaaccagaa tgctgccaac atcctccgge 2340
ttaaagagag cattgctgca accaatgaag ctgtgcacga ggtcactgac ggattatcac 2400
aactagcagt ggcagtaggg aagatgcaac agtttgtcaa tgaccagttc aataatacag 2460
cgcaagaatt ggactgtata aaaattgcac agcaggtcgg tgtagaactc aacttgtacc 2520
taactgaatt gactacagta tttgggccac aaatcacttc ccctgectta actcagctga 2580
ctatccaagc gctttacaat ctagectggtg gtaatatgga ttacttgctg actaagttag 2640
gtgtagggaa caaccaactc agctcattaa ttggtagcgg cttgatcacc ggcaacccta 2700
ttctgtacga ctcacagact cagatcttgg gtatacaggt aactttgcct tcagttggga 2760
acctgaataa tatgcgtgcc acctacctgg agaccttatc tgtaagcaca accaagggat 2820
ttgcctecage acttgtccca aaagtggtga cacaggtcegg ttccgtgata gaagaacttg 2880
acacctcata ctgtataggg accgacttgg atttatactg tacaagaata gtgacattcc 2940
ctatgtctcce tggtatttat tettgtctga gcggtaatac atcggcttge atgtattcaa 3000
agactgaagg cgcacttact acgccatata tggctctcaa aggctcagtt attgccaatt 3060
gcaagctgac aacatgtaga tgtgcagatc ccccaggtat catatcgcaa aattatggag 3120
aagctgtgtce cttaatagat aggcactcat gcaacgtcectt atccttagac gggataactce 3180
tgaggctcag tggggaattt gatgcaacct atcaaaagaa tatctctata ctagattctce 3240
aagttatagt gacaggcaat cttgatatat caactgagct tgggaatgtc aacaactcaa 3300
taagtaatgc cctgaataag ttagaggaaa gcaacagcaa actagacaaa gtcaatgtca 3360
aactgaccag cacatctgct ctcattacct acatcgtttt aactgtcata tcectettgttt 3420
ttggtgtact tagcctggtt ctagcatgct acctgatgta caagcaaaag gcacaacaaa 3480
agaccttgtt atggcttggg aataataccc ttgatcagat gagagccact acaaaaatat 3540
gagcggccege ggggatccag acatgataag atacattgat gagtttggac aaaccacaac 3600
tagaatgcag tgaaaaaaat gctttatttg tgaaatttgt gatgctattg ctttatttgt 3660
aaccattata agctgcaata aacaagttaa caacaacaat tgcattcatt ttatgtttca 3720
ggttcagggyg gaggtgtggg aggttttttc ggatcctcta gagtcgacaa ttattttatt 3780
taataacata tagcccaaag acctctatga acatttagtt tcccgtatac tcaacggcgce 3840
gtgtacacac gcatctcttt gcatagcgat gaagtttgtt cggcagcaga aaatgcagat 3900
atccaacaat ctggagaaaa cttatcatca cagtggcagt ggaaacatac cccctctata 3960
ttcatggtat aattatcgtc tacagcgtcce aggatagtgg cgtgagaaaa tggagatctg 4020
cagccctect ttccatggca tgccgcettta ttgttcatta aacgcacaat ggtctcaacg 4080
ccagatatgg gcatagattc tgaagaaccc gttgacaatc cgaagaagaa ggcgtgcagg 4140
tctttggaag actcgcacgt tggtcttata atgtatgatc gagatgtcac cctaatgcca 4200

catggtacag gcttatcgeg gtcatggcga tcggacttgt aatttgcaac gatgggcaaa 4260
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ggatcgacga catgccaaac attctgaacc cgtagagatg ttaacgatga cgaggatgaa 4320
tatcccatge tcgctgccat agtatcaagt acaccgcgaa taaggacgcg tccaacatcg 4380
ttatatgcac acaatgggct acacgtgact aacacccccg aatattagtce atatgtgagt 4440
ttcagtetgg ctcccatata gectgtagac tatttgtggt ttaagtgtga acgaggcgct 4500
gtgaacgaga ctcgggccga ttgtaagaac aagcaaatgc actttccatt taacaagaag 4560
tgtagagaga atactcaacc tctttggatg tatcctcgag 4600
<210> SEQ ID NO 32
<211> LENGTH: 1662
<212> TYPE: DNA
<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: NDV Texas F gene (wild type non-modified)
<400> SEQUENCE: 32
atgggctcca gatcttctac caggatcccg gtacctctaa tgctgatcat ccgaaccgeg 60
ctgacactga gctgtatccg tctgacaage tcetettgatg gecaggectet tgcggetgea 120
gggatcgtygyg taacaggaga taaagcagtc aacatataca cctcatccca gacagggtca 180
atcatagtta agttactccc gaatatgccce aaggacaaag aggtgtgtge aaaagcccca 240
ttggaggcat acaacaggac actgactact ttactcaccce cccttggtga ttctatccge 300
aggatacaag agtctgtgac tacttcecgga ggaaggagac agagacgctt tataggtgece 360
attatcggca gtgtagetcet tggggttgeg acagctgcac agataacage agcttcggece 420
ctgatacaag ccaaccagaa tgctgccaac atcctcecgge ttaaagagag cattgcetgea 480
accaatgaag ctgtgcacga ggtcactgac ggattatcac aactagcagt ggcagtaggg 540
aagatgcaac agtttgtcaa tgaccagttc aataatacag cgcaagaatt ggactgtata 600
aaaattgcac agcaggtcgg tgtagaactc aacttgtacce taactgaatt gactacagta 660
tttgggccac aaatcacttc ccctgectta actcagetga ctatccaage gctttacaat 720
ctagctggtyg gtaatatgga ttacttgetg actaagttag gtgtagggaa caaccaacte 780
agctcattaa ttggtagegg cttgatcacce ggcaacccta ttetgtacga ctcacagact 840
cagatcttgg gtatacaggt aactttgect tcagttggga acctgaataa tatgegtgece 900
acctacctgg agaccttatc tgtaagcaca accaagggat ttgcctcage acttgtccca 960
aaagtggtga cacaggtcgg ttccgtgata gaagaacttg acacctcata ctgtataggg 1020
accgacttgg atttatactg tacaagaata gtgacattcc ctatgtctcce tggtatttat 1080
tcttgtetga geggtaatac atcggcttge atgtattcaa agactgaagg cgcacttact 1140
acgccatata tggctctcaa aggctcagtt attgccaatt gcaagctgac aacatgtaga 1200
tgtgcagatc ccccaggtat catatcgcaa aattatggag aagctgtgtce cttaatagat 1260
aggcactcat gcaacgtctt atccttagac gggataactc tgaggctcag tggggaattt 1320
gatgcaacct atcaaaagaa tatctctata ctagattctc aagttatagt gacaggcaat 1380
cttgatatat caactgagct tgggaatgtc aacaactcaa taagtaatgc cctgaataag 1440
ttagaggaaa gcaacagcaa actagacaaa gtcaatgtca aactgaccag cacatctgcet 1500
ctcattacct acatcgtttt aactgtcata tctettgttt ttggtgtact tagcctggtt 1560
ctagcatgct acctgatgta caagcaaaag gcacaacaaa agaccttgtt atggcettggg 1620
aataataccc ttgatcagat gagagccact acaaaaatat ga 1662
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<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met Gly Ser Arg

1

Ile

Asp

Ala

Leu

65

Leu

Asp

Arg

Asn
145

Thr

Thr

Glu

Ile

225

Leu

Asn

Pro

Leu

Thr

305

Lys

Tyr

Phe

Arg

Gly

Val

50

Leu

Glu

Ser

Gln

Ala

130

Gln

Asn

Ala

Ala

Leu

210

Thr

Ala

Asn

Ile

Pro

290

Leu

Val

Cys

Pro

Thr

Arg

35

Asn

Pro

Ala

Ile

Arg

115

Thr

Asn

Glu

Val

Gln

195

Asn

Ser

Gly

Gln

Leu

275

Ser

Ser

Val

Ile

Met
355

Ala

Pro

Ile

Asn

Tyr

Arg

100

Arg

Ala

Ala

Ala

Gly

180

Glu

Leu

Pro

Gly

Leu

260

Tyr

Val

Val

Thr

Gly
340

Ser

SEQ ID NO 33
LENGTH:
TYPE :
ORGANISM: artificial sequence
FEATURE:
OTHER INFORMATION: NDV Texas F protein

553

33

Ser

Leu

Leu

Tyr

Met

Asn

85

Arg

Phe

Ala

Ala

Val

165

Lys

Leu

Tyr

Ala

Asn

245

Ser

Asp

Gly

Ser

Gln
325

Thr

Pro

Ser

Thr

Ala

Thr

Pro

70

Arg

Ile

Ile

Gln

Asn

150

His

Met

Asp

Leu

Leu

230

Met

Ser

Ser

Asn

Thr
310
Val

Asp

Gly

Thr

Leu

Ala

Ser

55

Lys

Thr

Gln

Gly

Ile

135

Ile

Glu

Gln

Cys

Thr

215

Thr

Asp

Leu

Gln

Leu

295

Thr

Gly

Leu

Ile

Arg

Ser

Ala

40

Ser

Asp

Leu

Glu

Ala

120

Thr

Leu

Val

Gln

Ile

200

Glu

Gln

Tyr

Ile

Thr

280

Asn

Lys

Ser

Asp

Tyr
360

Ile

Cys

25

Gly

Gln

Lys

Thr

Ser

105

Ile

Ala

Arg

Thr

Phe

185

Lys

Leu

Leu

Leu

Gly

265

Gln

Asn

Gly

Val

Leu

345

Ser

Pro

10

Ile

Ile

Thr

Glu

Thr

90

Val

Ile

Ala

Leu

Asp

170

Val

Ile

Thr

Thr

Leu

250

Ser

Ile

Met

Phe

Ile
330

Tyr

Cys

Val

Arg

Val

Gly

Val

75

Leu

Thr

Gly

Ser

Lys

155

Gly

Asn

Ala

Thr

Ile

235

Thr

Gly

Leu

Arg

Ala
315
Glu

Cys

Leu

Pro

Leu

Val

Ser

60

Cys

Leu

Thr

Ser

Ala

140

Glu

Leu

Asp

Gln

Val

220

Gln

Lys

Leu

Gly

Ala

300

Ser

Glu

Thr

Ser

Leu

Thr

Thr

45

Ile

Ala

Thr

Ser

Val

125

Leu

Ser

Ser

Gln

Gln

205

Phe

Ala

Leu

Ile

Ile

285

Thr

Ala

Leu

Arg

Gly
365

(wild type

Met

Ser

30

Gly

Ile

Lys

Pro

Gly

110

Ala

Ile

Ile

Gln

Phe

190

Val

Gly

Leu

Gly

Thr

270

Gln

Tyr

Leu

Asp

Ile
350

Asn

non-modified)

Leu

15

Ser

Asp

Val

Ala

Leu

95

Gly

Leu

Gln

Ala

Leu

175

Asn

Gly

Pro

Tyr

Val

255

Gly

Val

Leu

Val

Thr

335

Val

Thr

Ile

Leu

Lys

Lys

Pro

80

Gly

Arg

Gly

Ala

Ala

160

Ala

Asn

Val

Gln

Asn

240

Gly

Asn

Thr

Glu

Pro
320
Ser

Thr

Ser
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Ala Cys Met
370

Ala Leu Lys
385

Cys Ala Asp

Ser Leu Ile

Thr Leu Arg

435

Ser Ile Leu
450

Thr Glu Leu
465

Leu Glu Glu

Ser Thr Ser

Val Phe Gly

515

Gln Lys Ala
530

Asp Gln Met
545

<210> SEQ I
<211> LENGT.
<212> TYPE:

Tyr Ser Lys Thr Glu

375

Gly Ser Val Ile Ala
390

Pro Pro Gly Ile Ile

405

Asp Arg His Ser Cys

420

Leu Ser Gly Glu Phe

440

Asp Ser Gln Val Ile

455

Gly Asn Val Asn Asn
470

Ser Asn Ser Lys Leu

485

Ala Leu Ile Thr Tyr

500

Val Leu Ser Leu Val

520

Gln Gln Lys Thr Leu

535

Arg Ala Thr Thr Lys
550

D NO 34
H: 1662
DNA

Gly Ala Leu
Asn Cys Lys
395

Ser Gln Asn
410

Asn Val Leu
425

Asp Ala Thr

Val Thr Gly

Ser Ile Ser
475

Asp Lys Val
490

Ile Val Leu
505
Leu Ala Cys

Leu Trp Leu

Ile

<213> ORGANISM: artificial sequence

<220> FEATU

<223> OTHER INFORMATION: NDV-F YZCQ

RE:

<400> SEQUENCE: 34

atgggctcca

ctgacactga

gggatcgtgg

atcatagtta

ttggaggcat

aggatacaag

attatcggca

ctgatacaag

accaatgaag

aagatgcaac

aaaattgcac

tttgggccac

ctagctggtyg

agctcattaa

cagatcttgg

acctacctgg

aaagtggtga

gatcttctac

getgtateceyg

taacaggaga

agttactcce

acaacaggac

agtctgtgac

gtgtagctet

ccaaccagaa

ctgtgcacga

agtttgtcaa

agcaggtcgg

aaatcacttc

gtaatatgga

ttggtagcgg

gtatacaggt

agaccttatce

cacaggtegyg

caggatcceg

tctgacaage

taaagcagtc

gaatatgcce

actgactact

tacttccgga

tggggttgcg

tgctgccaac

ggtcactgac

tgaccagtte

tgtagaactc

ccctgectta

ttacttgctyg

cttgatcacc

aactttgect

tgtaagcaca

ttcegtgata

gtacctctaa

tctettgatg

aacatataca

aaggacaaag

ttactcaccc

ggaggcaagc

acagctgcac

atcctecgge

ggattatcac

aataatacag

aacttgtacc

actcagctga

actaagttag

ggcaacccta

tcagttggga

accaagggat

gaagaacttyg

Thr

380

Leu

Tyr

Ser

Tyr

Asn

460

Asn

Asn

Thr

Tyr

Gly
540

Thr

Thr

Gly

Leu

Gln

445

Leu

Ala

Val

Val

Leu

525

Asn

Pro

Thr

Glu

Asp

430

Lys

Asp

Leu

Lys

Ile

510

Met

Asn

tgctgatcat

gcaggectet

cctcateccca

aggtgtgtgc

cccttggtga

aaggcegect

agataacagc

ttaaagagag

aactagcagt

cgcaagaatt

taactgaatt

ctatccaage

gtgtagggaa

ttctgtacga

acctgaataa

ttgcctcage

acacctcata

Tyr Met
Cys Arg
400

Ala Val
415

Gly Ile

Asn Ile

Ile Ser

Asn Lys

480
Leu Thr
495
Ser Leu

Tyr Lys

Thr Leu

wildtype DNA sequence

ccgaaccgeg

tgcggcetgea

gacagggtca

aaaagcccca

ttctatcege

gataggtgce

agctteggee

cattgctgea

ggcagtaggg

ggactgtata

gactacagta

gcetttacaat

caaccaactce

ctcacagact

tatgcgtgee

acttgtccca

ctgtataggyg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020
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accgacttgg atttatactg tacaagaata gtgacattcc ctatgtctcce tggtatttat 1080
tcttgtetga geggtaatac atcggcttge atgtattcaa agactgaagg cgcacttact 1140
acgccatata tggctctcaa aggctcagtt attgccaatt gcaagctgac aacatgtaga 1200
tgtgcagatc ccccaggtat catatcgcaa aattatggag aagctgtgtce cttaatagat 1260
aggcactcat gcaacgtctt atccttagac gggataactc tgaggctcag tggggaattt 1320
gatgcaacct atcaaaagaa tatctctata ctagattctc aagttatagt gacaggcaat 1380
cttgatatat caactgagct tgggaatgtc aacaactcaa taagtaatgc cctgaataag 1440
ttagaggaaa gcaacagcaa actagacaaa gtcaatgtca aactgaccag cacatctgcet 1500
ctcattacct acatcgtttt aactgtcata tctettgttt ttggtgtact tagcctggtt 1560
ctagcatgct acctgatgta caagcaaaag gcacaacaaa agaccttgtt atggcettggg 1620
aataataccc ttgatcagat gagagccact acaaaaatat ga 1662

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 35
H: 553
PRT

<213> ORGANISM: artificial sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: NDV-F protein from wildtype YZCQ strain

(Amino Acid Sequence of NDV-F of Texas strain with lentogenic

cleavage site sequence)

<400> SEQUENCE: 35

Met Gly Ser
1

Ile Arg Thr
Asp Gly Arg
35

Ala Val Asn
50

Leu Leu Pro
65

Leu Glu Ala

Asp Ser Ile

Lys Gln Gly
115

Val Ala Thr
130

Asn Gln Asn
145

Thr Asn Glu

Val Ala Val

Thr Ala Gln

195

Glu Leu Asn
210

Ile Thr Ser
225

Arg Ser Ser Thr Arg

Ala Leu Thr Leu Ser

20

Pro Leu Ala Ala Ala

40

Ile Tyr Thr Ser Ser

55

Asn Met Pro Lys Asp

70

Tyr Asn Arg Thr Leu

85

Arg Arg Ile Gln Glu

100

Arg Leu Ile Gly Ala

120

Ala Ala Gln Ile Thr

135

Ala Ala Asn Ile Leu
150

Ala Val His Glu Val

165

Gly Lys Met Gln Gln

180

Glu Leu Asp Cys Ile

200

Leu Tyr Leu Thr Glu

215

Pro Ala Leu Thr Gln
230

Ile

Cys

25

Gly

Gln

Lys

Thr

Ser

105

Ile

Ala

Arg

Thr

Phe
185
Lys

Leu

Leu

Pro

10

Ile

Ile

Thr

Glu

Thr

90

Val

Ile

Ala

Leu

Asp

170

Val

Ile

Thr

Thr

Val

Arg

Val

Gly

Val

75

Leu

Thr

Gly

Ser

Lys

155

Gly

Asn

Ala

Thr

Ile
235

Pro Leu Met
Leu Thr Ser
30

Val Thr Gly
45

Ser Ile Ile
60

Cys Ala Lys

Leu Thr Pro

Thr Ser Gly

110

Ser Val Ala
125

Ala Leu Ile
140

Glu Ser Ile

Leu Ser Gln

Asp Gln Phe

190

Gln Gln Val
205

Val Phe Gly
220

Gln Ala Leu

Leu Ile
15

Ser Leu

Asp Lys

Val Lys

Ala Pro

80

Leu Gly
95

Gly Gly

Leu Gly

Gln Ala

Ala Ala

160

Leu Ala

175

Asn Asn

Gly Val

Pro Gln

Tyr Asn
240
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144

Leu

Asn

Pro

Leu

Thr

305

Lys

Tyr

Phe

Ala

Ala

385

Cys

Ser

Thr

Ser

Thr

465

Leu

Ser

Gln

Asp
545

<210>
<211>
<212>
<213>
<220>
<223>

Ala

Asn

Ile

Pro

290

Leu

Val

Cys

Pro

Cys

370

Leu

Ala

Leu

Leu

Ile

450

Glu

Glu

Thr

Phe

Lys

530

Gln

Gly

Gln

Leu

275

Ser

Ser

Val

Ile

Met

355

Met

Lys

Asp

Ile

Arg

435

Leu

Leu

Glu

Ser

Gly

515

Ala

Met

Gly

Leu

260

Tyr

Val

Val

Thr

Gly

340

Ser

Tyr

Gly

Pro

Asp

420

Leu

Asp

Gly

Ser

Ala

500

Val

Gln

Arg

<400> SEQUENCE:

atgggctcta aaccttctac

ctgatattgg actgtateceg tccgacaage

ggaattgtag taacaggaga taaggcagtc

atcatagtca agttgctcce

Asn

245

Ser

Asp

Gly

Ser

Gln

325

Thr

Pro

Ser

Ser

Pro

405

Arg

Ser

Ser

Asn

Asn

485

Leu

Leu

Gln

Ala

SEQ ID NO 36
LENGTH:
TYPE: DNA
ORGANISM: artificial sequence
FEATURE:
OTHER INFORMATION: NDV-F Texas wildtype DNA sequence

1662

36

Met

Ser

Ser

Asn

Thr

310

Val

Asp

Gly

Lys

Val

390

Gly

His

Gly

Gln

Val

470

Ser

Ile

Ser

Lys

Thr
550

Asp

Leu

Gln

Leu

295

Thr

Gly

Leu

Ile

Thr

375

Ile

Ile

Ser

Glu

Val

455

Asn

Lys

Thr

Leu

Thr

535

Thr

Tyr

Ile

Thr

280

Asn

Lys

Ser

Asp

Tyr

360

Glu

Ala

Ile

Cys

Phe

440

Ile

Asn

Leu

Tyr

Val

520

Leu

Lys

caggatccca

gaatatgcce

Leu

Gly

265

Gln

Asn

Gly

Val

Leu

345

Ser

Gly

Asn

Ser

Asn

425

Asp

Val

Ser

Asp

Ile

505

Leu

Leu

Ile

Leu

250

Ser

Ile

Met

Phe

Ile

330

Tyr

Cys

Ala

Cys

Gln

410

Val

Ala

Thr

Ile

Lys

490

Val

Ala

Trp

Thr

Gly

Leu

Arg

Ala

315

Glu

Cys

Leu

Leu

Lys

395

Asn

Leu

Thr

Gly

Ser

475

Val

Leu

Cys

Leu

gcacctctga

tctettgacy

aatgtatata

aaggataagg

Lys

Leu

Gly

Ala

300

Ser

Glu

Thr

Ser

Thr

380

Leu

Tyr

Ser

Tyr

Asn

460

Asn

Asn

Thr

Tyr

Gly
540

Leu

Ile

Ile

285

Thr

Ala

Leu

Arg

Gly

365

Thr

Thr

Gly

Leu

Gln

445

Leu

Ala

Val

Val

Leu

525

Asn

Gly

Thr

270

Gln

Tyr

Leu

Asp

Ile

350

Asn

Pro

Thr

Glu

Asp

430

Lys

Asp

Leu

Lys

Ile

510

Met

Asn

tgctgatcac

gcaggectet

cctegteteca gacagggtca

aggcgtgtgc

Val

255

Gly

Val

Leu

Val

Thr

335

Val

Thr

Tyr

Cys

Ala

415

Gly

Asn

Ile

Asn

Leu

495

Ser

Tyr

Thr

ccggattatg

tgcagctgea

gaaagaccca

Gly

Asn

Thr

Glu

Pro

320

Ser

Thr

Ser

Met

Arg

400

Val

Ile

Ile

Ser

Lys

480

Thr

Leu

Lys

Leu

60

120

180

240
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-continued
ttagaggcat ataacagaac actgactact ttgctcacte ctecttggega atccatccge 300
aagatccaag ggtctgtgtce cacgtctgga ggaggcaage aaggccgect gataggtget 360
gttattggta gtgtagctct tggggttgca acagcggcac aaataacagc agctgcggec 420
ctaatacaag ccaaccagaa tgctgccaac atccttegge ttaaggagag cattgetgca 480
accaatgaag ctgtgcatga agtcaccgac ggattatcac aactatcagt ggcagttggg 540
aagatgcagc agtttgtcaa tgaccagttt aataatacag cgcgagaatt ggactgtata 600
aaaatcacac aacaggttgg tgtagaactc aacctatacc taactgaatt gactacagta 660
ttegggecac agatcaccte ccctgcatta actcagetga ccatccagge actttataat 720
ttagctggtyg gcaatatgga ttacttatta actaagttag gtatagggaa caatcaactce 780
agctcattaa ttggcagegg cctgatcact ggttacccta tattgtatga ctcacagact 840
caactcttgg gcatacaagt gaatttgccce tcagtcggga acttaaataa tatgegtgece 900
acctatttag agaccttatc tgtaagtaca gccaaaggat atgcctcage acttgttcca 960
aaagtagtga cacaagtcgg ttctgtgata gaagagcttg acacctcata ctgtatagag 1020
tcecgatetgg atttatattg tactagaata gtgacattcc ccatgtccce aggtatttat 1080
tcetgtttaa geggcaacac atcagcttge atgtattcaa agactgaagg cgcactcact 1140
acgccgtata tggcccttaa aggctcagtt attgccaatt gtaagataac aacatgtaga 1200
tgtacagacc ctcctggtat catatcgcaa aattatggag aagctgtatc cctgatagat 1260
agacattcgt gcaatgtctt atcattagac gggataactc tgaggctcag tggagaattt 1320
gatgcaactt atcaaaagaa catctcaata ctagattctc aagtcatcgt gacaggcaat 1380
cttgatatat caactgaact tggaaacgtc aacaattcaa tcagcaatgc cttggataag 1440
ttggcaaaaa gcaacagcaa gctagaaaaa gtcaatgtca gactaaccag cacatccget 1500
ctcattacct atattgttct gactgtcatt tctcectagttt tcggtgcact aagtctgggt 1560
ttaacatgtt acctgatgta caaacaaaag gcacaacaaa agaccttgct atggcttggg 1620
aataataccc tcgatcagat gagagccact acaagagcat ga 1662

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 37
H: 553
PRT

<213> ORGANISM: artificial sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: NDV-F protein from
(Amino Acid Sequence of NDV-F VIId wt
cleavage site sequence)

<400> SEQUENCE: 37

Met Gly Ser
1

Thr Arg Ile
Asp Gly Arg
35

Ala Val Asn
50

Leu Leu Pro
65

Leu Glu Ala

Glu Ser Ile

Lys Pro Ser Thr Arg

5

Met Leu Ile Leu Asp

20

Pro Leu Ala Ala Ala

40

Val Tyr Thr Ser Ser

55

Asn Met Pro Lys Asp

70

Tyr Asn Arg Thr Leu

85

Arg Lys Ile Gln Gly

Ile

Cys

25

Gly

Gln

Lys

Thr

Ser

Pro

10

Ile

Ile

Thr

Glu

Thr

90

Val

Ala

Arg

Val

Gly

Ala

75

Leu

Ser

wildtype Te:
YZCQ with 1

Pro Leu Met

Pro Thr Ser
30

Val Thr Gly
45

Ser Ile Ile
60
Cys Ala Lys

Leu Thr Pro

Thr Ser Gly

xas strain
entogenic

Leu Ile
15

Ser Leu

Asp Lys

Val Lys

Asp Pro
80

Leu Gly
95

Gly Gly
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Lys

Asn
145

Thr

Thr

Glu

Ile

225

Leu

Asn

Pro

Leu

Thr

305

Lys

Tyr

Phe

Ala

Ala

385

Cys

Ser

Thr

Ser

Thr
465

Leu

Ser

Gln

Ala

130

Gln

Asn

Ala

Ala

Leu

210

Thr

Ala

Asn

Ile

Pro

290

Leu

Val

Cys

Pro

Cys

370

Leu

Thr

Leu

Leu

Ile

450

Glu

Ala

Thr

Phe

Gly

115

Thr

Asn

Glu

Val

Arg

195

Asn

Ser

Gly

Gln

Leu

275

Ser

Ser

Val

Ile

Met

355

Met

Lys

Asp

Ile

Arg

435

Leu

Leu

Lys

Ser

Gly
515

100

Arg

Ala

Ala

Ala

Gly

180

Glu

Leu

Pro

Gly

Leu

260

Tyr

Val

Val

Thr

Glu

340

Ser

Tyr

Gly

Pro

Asp

420

Leu

Asp

Gly

Ser

Ala
500

Ala

Leu

Ala

Ala

Val

165

Lys

Leu

Tyr

Ala

Asn

245

Ser

Asp

Gly

Ser

Gln

325

Ser

Pro

Ser

Ser

Pro

405

Arg

Ser

Ser

Asn

Asn
485

Leu

Leu

Ile

Gln

Asn

150

His

Met

Asp

Leu

Leu

230

Met

Ser

Ser

Asn

Thr

310

Val

Asp

Gly

Lys

Val

390

Gly

His

Gly

Gln

Val
470
Ser

Ile

Ser

Gly

Ile

135

Ile

Glu

Gln

Cys

Thr

215

Thr

Asp

Leu

Gln

Leu

295

Ala

Gly

Leu

Ile

Thr

375

Ile

Ile

Ser

Glu

Val

455

Asn

Lys

Thr

Leu

Ala

120

Thr

Leu

Val

Gln

Ile

200

Glu

Gln

Tyr

Ile

Thr

280

Asn

Lys

Ser

Asp

Tyr

360

Glu

Ala

Ile

Cys

Phe

440

Ile

Asn

Leu

Tyr

Gly
520

105

Val

Ala

Arg

Thr

Phe

185

Lys

Leu

Leu

Leu

Gly

265

Gln

Asn

Gly

Val

Leu

345

Ser

Gly

Asn

Ser

Asn

425

Asp

Val

Ser

Glu

Ile
505

Leu

Ile

Ala

Leu

Asp

170

Val

Ile

Thr

Thr

Leu

250

Ser

Leu

Met

Tyr

Ile

330

Tyr

Cys

Ala

Cys

Gln

410

Val

Ala

Thr

Ile

Lys
490

Val

Thr

Gly

Ala

Lys

155

Gly

Asn

Thr

Thr

Ile

235

Thr

Gly

Leu

Arg

Ala

315

Glu

Cys

Leu

Leu

Lys

395

Asn

Leu

Thr

Gly

Ser
475
Val

Leu

Cys

Ser

Ala

140

Glu

Leu

Asp

Gln

Val

220

Gln

Lys

Leu

Gly

Ala

300

Ser

Glu

Thr

Ser

Thr

380

Ile

Tyr

Ser

Tyr

Asn

460

Asn

Asn

Thr

Tyr

Val

125

Leu

Ser

Ser

Gln

Gln

205

Phe

Ala

Leu

Ile

Ile

285

Thr

Ala

Leu

Arg

Gly

365

Thr

Thr

Gly

Leu

Gln

445

Leu

Ala

Val

Val

Leu
525

110

Ala

Ile

Ile

Gln

Phe

190

Val

Gly

Leu

Gly

Thr

270

Gln

Tyr

Leu

Asp

Ile

350

Asn

Pro

Thr

Glu

Asp

430

Lys

Asp

Leu

Arg

Ile
510

Met

Leu

Gln

Ala

Leu

175

Asn

Gly

Pro

Tyr

Ile

255

Gly

Val

Leu

Val

Thr

335

Val

Thr

Tyr

Cys

Ala

415

Gly

Asn

Ile

Asp

Leu
495

Ser

Tyr

Gly

Ala

Ala

160

Ser

Asn

Val

Gln

Asn

240

Gly

Tyr

Asn

Glu

Pro

320

Ser

Thr

Ser

Met

Arg

400

Val

Ile

Ile

Ser

Lys
480
Thr

Leu

Lys
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Gln Lys Ala Gln Gln Lys Thr Leu Leu Trp Leu Gly Asn Asn Thr Leu

530

535

Asp Gln Met Arg Ala Thr Thr Arg Ala
550

545

<210> SEQ ID NO 38
<211> LENGTH: 622

<212> TYPE:

DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: MDV gB promoter

<400> SEQUENCE: 38

cgatgtttag

gtgttgaaaa

atagcagtag

ctatagataa

ttgcaacagce

acagtttgca

atgaaaccga

aaaatatgac

atatggccce

ccatctgace

gcatcattaa

tcacgataga

tgtagggctg

aaaaacagat

tgtaactgceg

tttattttcet

gatcaacagce

atatccactt

tgcaattatt

cgttacggca

cgtccaatat

gatcatctca

<210> SEQ ID NO 39
<211> LENGTH: 4850

<212> TYPE:

DNA

catcggtteg

cttectecact

tggaccgtca

geccatcgcea

tctgtattta

aatggagact

ataatgattc

gatacagatg

gatcaggtge

tettgtgtec

ct

cccagecgte

taaaggagga

gtaagtttag

tggcttggaa

aatgtggcga

atgtatggaa

tggggtcaga

ttttttegtt

gagtagaaca

ctgcatttta

<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Partial plasmid SORF3-US2 gpVar-Ewtsyn sequence

for vHVT202

<400> SEQUENCE: 39

taaaatggga

tcgatettgyg

cattatttgg

ccegtatgga

tcattcggaa

catatctgta

caggatgtte

tgtaatcgte

tagcagatct

taaaaatctg

tcgtccaatt

tttteggega

tcacgtttgt

aaagaaacct

actgaccatg

tctatcatta

aacgtactgt

atatctteeg

ttegtattga

attttcegat

atacatttct

aagtctcaga

cggcageect

cgcaacctec

tcgcaaatta

ttctaaatgg

atctctcaaa

atctccaaac

ataggcagac

atcgtatgtt

cattcgttaa

ggatagtgce

gttgtcccat

cagtcgegea

gattctgaat

tcttetgaag

tgttgcattce

gggggagtte

agggaggcta

cactgagaat

aaagaaaaca

tcccatggeyg

tctaagacac

catagaacta

gctgaatgcea

gagtctggat

ttacttggaa

atcccgeect

atcggggacc

atttattgec

gatcgcetgea

tggcacagca

tatattcgca

taataacgtt

atcctttact

aggcgggcaa

tgcaattgat

ttttaattga

tttgacacca

ctagggcaat

540

gaatacagca

aatggctega

agggttttat

atatatcaaa

attgcacatc

aaatggaata

atcaagcact

getttattet

gattaccaac

tctcacacaa

aattttactg

tcgtgaaaat

ggtaccgete

aacaacgcgt

getegttacg

catttgatct

caactttatg

tattgggatg

tttaaaggat

agcgccgatt

gagtgttcca

tgcaaaattyg

aaaactacgt

catatctttt

tegetegege

ttatatttta

ttcatgttte

gactttagca

gaactgattt

tgtecgtgecey

tatataacat

tcagaaacgce

attttgcagt

agccacgece

tttatgaaca

tttgccaget

ttgaaacgtce

ggataccttg

gggtccacac

agtcgttgga

atacattgge

gecatttcega

gtaaggacaa

ggatttctca

gagagcatcg

aacattttca

gcacttcegt

tctagtgtygy

tgtatgtcaa

gactccatac

60

120

180

240

300

360

420

480

540

600

622

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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attgaataat tccacacgtc agctcatcgg ttagcaaggt ccagtagttg aagtcattta 960
tttttececeg cggctggeca aatctaccte tgggaatatc caagttgtceg aatatgatcg 1020
caccggctcet ggtcatggtyg aaggaacttg tagcataaag acgcaggtat cataggggta 1080
atattttttt attcactcac atactaaaag taacgcatat tagcaccatg tatgggctat 1140
caattgacat ttgcgtagca ctacatcacg attatgtaca acataatggg acaacatatg 1200
cctgcaggtt agtcatatgt tacttggcag aggccgcatg gaaagtccct ggacgtggga 1260
catctgatta atacgtgagg aggtcagcca tgttcttttt ggcaaaggac tacggtcatt 1320
ggacgtttga ttggcatggg atagggtcag ccagagttaa cagtgttctt ttggcaaagg 1380
gatacgtgga aagtcccggg ccatttacag taaactgata cggggacaaa gcacagccat 1440
atttagtcat gtattgcttg gcagagggtc tatggaaagt ccctggacgt gggacgtctg 1500
attaatatga aagaaggtca gccagaggta gctgtgtect ttttggcaaa gggatacggt 1560
tatgggacgt ttgattggac tgggataggg tcagccagag ttaacagtgt tecttttggca 1620
aaggaaacgt ggaaagtccc gggccattta cagtaaactg atactgggac aaagtacacc 1680
catatttagt catgttcttt ttggcaaaga gcatctggaa agtcccgggce agcattatag 1740
tcacttggca gagggaaagg gtcactcaga gttaagtaca tctttccagg gccaatattce 1800
cagtaaatta cacttagttt tatgcaaatc agccacaaag gggattttcc cggtcaatta 1860
tgactttttc cttagtcatg cggtatccaa ttactgccaa attggcagta catactaggt 1920
gattcactga catttggccg tcctcectggaa agtccctgga aaccgctcaa gtactgtatce 1980
atggtgactt tgcatttttg gagagcacgc cccactccac cattggtcca cgtaccctat 2040
gggggagtgg tttatgagta tataaggggc tccggtttag aagccgggca gagcggcecgce 2100
atgacaaacc tgcaagatca aacccaacag attgttcegt tcatacggag ccttctgatg 2160
ccaacaaccg gaccggegte cattccggac gacaccctgg agaagcacac tctcaggtca 2220
gagacctcga cctacaattt gactgtgggg gacacagggt cagggctaat tgtcttttte 2280
cctggattcece ctggctcaat tgtgggtgct cactacacac tgcagagcaa tgggaactac 2340
aagttcgatc agatgctcct gactgcccag aacctaccgg ccagctacaa ctactgcagg 2400
ctagtgagtc ggagtctcac agtaaggtca agcacactcc ctggtggcgt ttatgcacta 2460
aacggcacca taaacgccgt gaccttccaa ggaagcctga gtgaactgac agatgttagce 2520
tacaacgggt tgatgtctgc aacagccaac atcaacgaca aaattgggaa cgtcctagta 2580
ggggaagggg taaccgtcct cagcecttaccce acatcatatg atcttgggta tgtgaggcett 2640
ggtgacccecca tacccgctat agggcttgac ccaaaaatgg tagcaacatg tgacagcagt 2700
gacaggccca gagtctacac cataactgca gccgataatt accaattctce atcacagtac 2760
caaacaggtg gggtaacaat cacactgttc tcagccaaca ttgatgccat cacaagtctce 2820
agcgttgggg gagagctegt gttcaaaaca agcgtccaaa gecttgtact gggcgccacce 2880
atctacctta taggctttga tgggactgcg gtaatcacca gagctgtggce cgcaaacaat 2940
gggctgacgg ccggcatcga caatcttatg ccattcaatc ttgtgattcc aaccaatgag 3000
ataacccagc caatcacatc catcaaactg gagatagtga cctccaaaag tgatggtcag 3060
gcaggggaac agatgtcatg gtcggcaagt gggagcctag cagtgacgat ccatggtgge 3120
aactatccag gagcccteceg tcccgtcaca ctagtggect acgaaagagt ggcaacagga 3180

tctgtegtta cggtegctgg ggtgagcaac ttcgagcetga tcccaaatcce tgaactagca 3240



153

US 9,114,108 B2

154

-continued
aagaacctgg ttacagaata tggccgattt gacccaggag ccatgaacta cacgaaattg 3300
atactgagtg agagggaccg ccttggcatc aagaccgtct ggccaacaag ggagtacact 3360
gactttcgtyg agtacttcat ggaggtggcc gacctcaact ctcccectgaa gattgcagga 3420
gcatttggcet tcaaagacat aatccgggcce ataaggaggt gagcggccgce gatatcaata 3480
aaatatcttt attttcatta catctgtgtg ttggtttttt gtgtgaatcg atagtactaa 3540
catacgctcet ccatcaaaac aaaacgaaac aaaacaaact agcaaaatag gctgtcccca 3600
gtgcaagtgc aggtgccaga acatttctct tctagacctyg caggcccggg gcaagtagat 3660
gcaattteccect cacactagtt gggtttatct actattgaat tttcccectat ctgtgataca 3720
cttgggagcce tctacaagca tattgccatce atgtacgttt ttatctactg tcecttaacgcece 3780
catgggaacg gaggcgtcegt cgtcatgtat tggacggcaa cataggcagc aacacaaatt 3840
gcgtttaggt ggggtgcatg tggactcgat accaagcccece tgcagcetggg gaacgtcetgg 3900
tggagagccg ataatttgat atacgcacgc catattactg tcgttgaagt acgccttatce 3960
ttctatgttt tcaaatttag gttcccaagt ggacgtgaga agtgtttgta tcectcacatgg 4020
aatggcccaa ggcattccag cccaggtgce tggtacttta atggcaaaca aacgttttgg 4080
tagaggtatt gattctattg cagttctgca gatatctgca gccccgagta tccacaggcet 4140
atacgatacg ttatcggagg cctccgattce tagcattaca tagccggtca gtagatcctg 4200
ccattcggta gcgcaaccgg ctacatcttce aaacagtcectc acaataaatg catctctegt 4260
tcetgecaat ccggaaccgg gcataccact cccgectgece gatttaatte tcacaattgg 4320
gcgatgcegyg cggggcaaaa cgaatgtgga tttggcaaac cgacacaggt ctgctgtacg 4380
gactaatatg ggcacaccca catcattctt cagatgctcc atgcattgtt ctatgagaaa 4440
gatccatagg gtggaggcag cgtcacgaga tcgcccaggce aatcgatcgce attcgtcectag 4500
taaagtgacg agagttatca tgcacacacc catgcccacg cctteccgaat aactggagcet 4560
gtggaagatc ggaaacgtct ttttgactgce cggtctcgta ctactttcgce acaggtgtat 4620
acccggacgce gtactatata ttttatatca tccaacgtcce cgaaattaca tacgtggegg 4680
cgatggaagt agatgttgag tcttcgaaag taagtgcctc gaatatgggt attgtcetgtg 4740
aaaatatcga aagcggtacg acggttgcag aaccgtcgat gtcgccagat actagtaaca 4800
atagcttcga taacgaagac ttccgtgggce ctgaatacga tgtggagata 4850

<210> SEQ ID NO 40
<211> LENGTH: 4943

<212> TYPE:

DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Partial plasmid SB1US2 gpVIIdwtsyn sequence for

vSB1-

010

<400> SEQUENCE: 40

tctegtctaa

ggatcgttee

gttggcggag

aaggctctat

gttatttctg

ttcectatcet

agcaccactg

aacgctccag

tccacatgeg

tgtcctectyg

aatacagttc

taggctccag

cgtetteegy

caaatcgtge

tgctttacag

ctgetgtegy

gactctgcaa

ctectgcagac

acgatttgec

taatcccata

aatttccatt

ttcgataatc

tatctcgaat

tgttcectag

cegtegttge

tgcatttgtyg

ggtgttcggt

gccccaacca

tggacctggg

ccceggtatt

cegtetteac

tcttcectte

cgcaacataa

attcgcagat

atattttttet

gacgcgtata

cagttgaatc

tatctegtge

tgcgtegtta

tctgattgea

aggtagagaa

taagaacggce

60

120

180

240

300

360

420
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atcgecgtta atgtacctceg ggcattgtga cgatcgaaac ccttatggat gcctaaagag 480
agcattgcegg tccagttetce caggtgaaaa gagaatageg cgggtagaaa cgggecgatt 540
agttttatct tcgeccgegte cctaatatce caagttctge agtataactt ccatcgtcecg 600
ttttegacaa ggtceggege gacatagttt gaaatgtcat ctatcagaaa catctcgece 660
atcgtagaaa aaaacctgta cgcagaccat aaaaccattc ggtaccacat atccttgtgt 720
atatcaaacg atatgttggt tatgtcgttg geggatgttyg tatgaaatag agctaagcgt 780
tctetggatt ccacgcactg aacgattcceg ttagtcaatt catctgctaa cataggccaa 840
aagtttattc gtgttacttt tctcggeggt ttggcaaaac gceccecttgyg cacatccatg 900
tcattaaata cagcggcata actcctactce atgtgttcca tagceccaggt ttcetgttegg 960
tctgctacta cgatcagatc agtggcgcga tcagatgegt gggatgaatg aagtgtatcce 1020
gaaagcagtt ttgagatata cgctaaactg tacgacgatt gtggcactaa acgaagcttt 1080
gcgecgaceece catcccacge cctgcaggtt agtcatatgt tacttggcag aggccgcatg 1140
gaaagtcecct ggacgtggga catctgatta atacgtgagg aggtcagcca tgttcettttt 1200
ggcaaaggac tacggtcatt ggacgtttga ttggcatggg atagggtcag ccagagttaa 1260
cagtgttctt ttggcaaagg gatacgtgga aagtcccggg ccatttacag taaactgata 1320
cggggacaaa gcacagccat atttagtcat gtattgcttg gcagagggtce tatggaaagt 1380
ccetggacgt gggacgtetg attaatatga aagaaggtca gccagaggta getgtgtect 1440
ttttggcaaa gggatacggt tatgggacgt ttgattggac tgggataggg tcagccagag 1500
ttaacagtgt tcttttggca aaggaaacgt ggaaagtccc gggccattta cagtaaactg 1560
atactgggac aaagtacacc catatttagt catgttcttt ttggcaaaga gcatctggaa 1620
agtccecggge agcattatag tcacttggca gagggaaagg gtcactcaga gttaagtaca 1680
tcttteccagg geccaatatte cagtaaatta cacttagttt tatgcaaatc agccacaaag 1740
gggattttcc cggtcaatta tgactttttc cttagtcatg cggtatccaa ttactgccaa 1800
attggcagta catactaggt gattcactga catttggccg tcctctggaa agtccctgga 1860
aaccgctcaa gtactgtatc atggtgactt tgcatttttg gagagcacgc cccactccac 1920
cattggtcca cgtaccctat gggggagtgg tttatgagta tataaggggc tccggtttag 1980
aagcegggca gagceggecge atgggctceca aaccttctac caggatccca gcacctctga 2040
tgctgatcac ccggattatg ctgatattgg gctgtatccg tccgacaage tetcecttgacg 2100
gcaggcctet tgcagctgca ggaattgtag taacaggaga taaggcagtc aatgtataca 2160
cttcgtetca gacagggtca atcatagtca agttgctceccce gaatatgccce agggataagg 2220
aggcgtgtge aaaagcccca ttagaggcat ataacagaac actgactact ttgctcactce 2280
ctecttggecga ctccatcege aagatccaag ggtcetgtgte cacatctgga ggaggcaagce 2340
aaggccgect gataggtgcet gttattggca gtgtagetcect tggggttgca acagcggcac 2400
agataacagc agctgcggcec ctaatacaag ccaaccagaa tgccgccaac atcctcececgge 2460
ttaaggagag cattgctgca accaatgaag ctgtgcatga agtcaccgac ggattatcac 2520
aactatcagt ggcagttggg aagatgcagc agtttgtcaa tgaccagttt aataatacgg 2580
cgcgagaatt ggactgtata aaaatcacac aacaggttgg tgtagaactc aacctatacc 2640
taactgaatt gactacagta ttcgggccac agatcacctc ccctgcatta actcagctga 2700
ccatccaggce actttataat ttagctggtg gcaatatgga ttacttatta actaagttag 2760
gtatagggaa caatcaactc agctcgttaa ttggtagcgg cctgatcact ggttacccta 2820
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tactgtatga ctcacagact caactcttgg gcatacaagt gaatttaccc tcagtcggga 2880
acttaaataa tatgcgtgcc acctatttgg agaccttatc tgtaagtaca accaaaggat 2940
atgcctcage acttgtcccg aaagtagtga cacaagtcegg ttccgtgata gaagagettg 3000
acacctcata ctgtatagag tccgatctgg atttatattg tactagaata gtgacattcc 3060
ccatgtcccece aggtatttat tectgtttga gcggcaacac atcagcttge atgtattcaa 3120
agactgaagg cgcactcact acgccgtata tggcccttaa aggctcagtt attgccaatt 3180
gtaaaataac aacatgtaga tgtacagacc ctcctggtat catatcgcaa aattatggag 3240
aagctgtatc cctgatagat agacattcgt gcaatgtcett atcattagac gggataactc 3300
taaggctcag tggggaattt gatgcaactt atcaaaagaa catctcaata ctagattctce 3360
aagtcatcgt gacaggcaat cttgatatat caactgaact tggaaacgtc aacaattcaa 3420
tcagcaatgc cttggatagg ttggcagaaa gcaacagcaa gctagaaaaa gtcaatgtca 3480
gactaaccag cacatctgct ctcattacct atattgttcect aactgtcatt tctcectagttt 3540
tcggtgcact tagtctggtg ttagegtgtt acctgatgta caaacagaag gcacaacaaa 3600
agaccttgct atggcttggg aataatacce tcgatcagat gagagccact acaagagcat 3660
gagcggccege gatatcaata aaatatcttt attttcatta catctgtgtg ttggtttttt 3720
gtgtgaatcg atagtactaa catacgctct ccatcaaaac aaaacgaaac aaaacaaact 3780
agcaaaatag gctgtcccca gtgcaagtge aggtgccaga acatttctet tcectagacctg 3840
caggggagtc tgtgcaaggt taatgaccct cgcagttcat tcggaagtta taactgccgce 3900
cttcgcacat ttctttttgt cctgttttgt attgccataa cagataggaa ttgaaacctg 3960
atcctectgt tttttgcage atggccagca acagaatact ttgtcggatc gactacttgce 4020
gcgagatggt tceccgttecttg gaggtttegg cgggtegggt ggagaaccta ttattttata 4080
cacacacgtc ataccgttgt cgcgaaaatg ttctttgtet tectgcecgtet cgaacgtegg 4140
ttcccacgta gacgttagga gegttggaat ggtatcagga agagcccacg gcatgccgga 4200
ccaagtaccce gctactttga ccgcgagcag tctetteggt aatgggatgt attccagagce 4260
agcgcggcag agatcagegg cccccactat ccacagactg tatgaagtgt tttctgaaac 4320
atcggactcc aacatcaaat atccagacat aacatcttgce cattcggaag cacatccgcece 4380
gacatcttca aatagcctaa ctataaacga gtctctagtt cctgctaacc cagtacctceg 4440
aatgccagtc ccatccggtg ggttcecgtcecct gataatcecggt ctctgacgcee gaggaagaac 4500
taaaaggggt ctggaaaagc ggaacagatc tgcagaccga acgactacag acacgcccac 4560
atcatcatgt atctgttcca tgcattgctt tatgagaaaa atccataagg ccgaggcggce 4620
atctctagat ctccecgggga gtcectctegca ctcatctagg agagtgacga cagttatcat 4680
agacacgccce atttgtgcac caaacgaaaa gttecctgtac tggtggagceg teggcecgceggg 4740
aatcggtececg tgctctgaaa ccagtgtcta gacagaagac catccggtaa attctggtgt 4800
atgaactgac ggtctccaga cgaacgtcga agacattaac gatggaaact aacgagcttt 4860
cttcaaaagt gtctgattac aacgctaata gaccttacga aactatacgc agcgatacca 4920
gtgacacaga tccgteggtg tcg 4943
<210> SEQ ID NO 41

<211> LENGTH: 1362

<212> TYPE: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:
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<223> OTHER INFORMATION: IBDV DNA encoding VP2 protein of IBDV E strain

<400> SEQUENCE: 41

atgacaaacc tgcaagatca aacccaacag attgtteegt tcatacggag ccttetgatg 60
ccaacaaccg gaccggegte cattccggac gacaccctgg agaagcacac tctcaggtca 120
gagacctcega cctacaattt gactgtgggyg gacacagggt cagggctaat tgtettttte 180
cctggattee ctggetcaat tgtgggtget cactacacac tgcagagcaa tgggaactac 240
aagttcgatce agatgectect gactgeccag aacctaccgg ccagctacaa ctactgcagg 300
ctagtgagtc ggagtctcac agtaaggtca agcacactece ctggtggegt ttatgcacta 360
aacggcacca taaacgccgt gaccttecaa ggaagectga gtgaactgac agatgttage 420
tacaacgggt tgatgtctge aacagccaac atcaacgaca aaattgggaa cgtcctagta 480
ggggaagggg taaccgtcct cagcettacce acatcatatg atcttgggta tgtgaggett 540
ggtgacccca taccegetat agggcttgac ccaaaaatgg tagcaacatyg tgacagecagt 600
gacaggccca gagtctacac cataactgca gccgataatt accaattcte atcacagtac 660
caaacaggtg gggtaacaat cacactgttc tcagecaaca ttgatgccat cacaagtcte 720
agcgttgggyg gagagetegt gttcaaaaca agegtccaaa gecttgtact gggegecacce 780
atctacctta taggctttga tgggactgeg gtaatcacca gagetgtgge cgcaaacaat 840
gggctgacgg ccggcatcga caatcttatyg ccattcaate ttgtgattcce aaccaatgag 900
ataacccage caatcacatce catcaaactyg gagatagtga cctccaaaag tgatggtcag 960

gcaggggaac agatgtcatg gtcggcaagt gggagcctag cagtgacgat ccatggtgge 1020
aactatccag gagcccteceg tcccgtcaca ctagtggect acgaaagagt ggcaacagga 1080
tctgtegtta cggtegctgg ggtgagcaac ttcgagcetga tcccaaatcce tgaactagca 1140
aagaacctgg ttacagaata tggccgattt gacccaggag ccatgaacta cacgaaattg 1200
atactgagtg agagggaccg ccttggcatc aagaccgtct ggccaacaag ggagtacact 1260
gactttcgtyg agtacttcat ggaggtggcc gacctcaact ctcccectgaa gattgcagga 1320
gcatttggct tcaaagacat aatccgggcce ataaggaggt ga 1362
<210> SEQ ID NO 42

<211> LENGTH: 453

<212> TYPE: PRT

<213> ORGANISM: artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: IBDV VP2 protein of IBDV E strain

<400> SEQUENCE: 42

Met Thr Asn Leu Gln Asp Gln Thr Gln Gln Ile Val Pro Phe Ile Arg
1 5 10 15

Ser Leu Leu Met Pro Thr Thr Gly Pro Ala Ser Ile Pro Asp Asp Thr
20 25 30

Leu Glu Lys His Thr Leu Arg Ser Glu Thr Ser Thr Tyr Asn Leu Thr
35 40 45

Val Gly Asp Thr Gly Ser Gly Leu Ile Val Phe Phe Pro Gly Phe Pro
50 55 60

Gly Ser Ile Val Gly Ala His Tyr Thr Leu Gln Ser Asn Gly Asn Tyr
65 70 75 80

Lys Phe Asp Gln Met Leu Leu Thr Ala Gln Asn Leu Pro Ala Ser Tyr
85 90 95

Asn Tyr Cys Arg Leu Val Ser Arg Ser Leu Thr Val Arg Ser Ser Thr
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Leu

Phe

Met

145

Gly

Tyr

Met

Thr

225

Ser

Leu

Thr

Leu

Ile

305

Ala

Ile

Ala

Ser

Thr

385

Ile

Arg

Asn

Arg

<210>
<211>
<212>
<213>
<220>
<223>

Pro

Gln

130

Ser

Glu

Val

Val

Ala

210

Thr

Val

Gly

Arg

Met

290

Thr

Gly

His

Tyr

Asn

370

Glu

Leu

Glu

Ser

Ala
450

Gly

115

Gly

Ala

Gly

Arg

Ala

195

Ala

Ile

Gly

Ala

Ala

275

Pro

Ser

Glu

Gly

Glu

355

Phe

Tyr

Ser

Tyr

Pro

435

Ile

100

Gly

Ser

Thr

Val

Leu

180

Thr

Asp

Thr

Gly

Thr

260

Val

Phe

Ile

Gln

Gly

340

Arg

Glu

Gly

Glu

Thr

420

Leu

Arg

<400> SEQUENCE:

ttagtcatat gttacttgge agaggccgca tggaaagtece ctggacgtgg gacatctgat

Val

Leu

Ala

Thr

165

Gly

Cys

Asn

Leu

Glu

245

Ile

Ala

Asn

Lys

Met

325

Asn

Val

Leu

Arg

Arg

405

Asp

Lys

Arg

SEQ ID NO 43
LENGTH:
TYPE: DNA
ORGANISM: artificial sequence
FEATURE:
OTHER INFORMATION: Guinea pig CMV promoter

884

43

Tyr

Ser

Asn

150

Val

Asp

Asp

Tyr

Phe

230

Leu

Tyr

Ala

Leu

Leu

310

Ser

Tyr

Ala

Ile

Phe

390

Asp

Phe

Ile

Ala

Glu

135

Ile

Leu

Pro

Ser

Gln

215

Ser

Val

Leu

Asn

Val

295

Glu

Trp

Pro

Thr

Pro

375

Asp

Arg

Arg

Ala

Leu

120

Leu

Asn

Ser

Ile

Ser

200

Phe

Ala

Phe

Ile

Asn

280

Ile

Ile

Ser

Gly

Gly

360

Asn

Pro

Leu

Glu

Gly
440

105

Asn

Thr

Asp

Leu

Pro

185

Asp

Ser

Asn

Lys

Gly

265

Gly

Pro

Val

Ala

Ala

345

Ser

Pro

Gly

Gly

Tyr

425

Ala

Gly

Asp

Lys

Pro

170

Ala

Arg

Ser

Ile

Thr

250

Phe

Leu

Thr

Thr

Ser

330

Leu

Val

Glu

Ala

Ile

410

Phe

Phe

Thr

Val

Ile

155

Thr

Ile

Pro

Gln

Asp

235

Ser

Asp

Thr

Asn

Ser

315

Gly

Arg

Val

Leu

Met

395

Lys

Met

Gly

Ile

Ser

140

Gly

Ser

Gly

Arg

Tyr

220

Ala

Val

Gly

Ala

Glu

300

Lys

Ser

Pro

Thr

Ala

380

Asn

Thr

Glu

Phe

Asn

125

Tyr

Asn

Tyr

Leu

Val

205

Gln

Ile

Gln

Thr

Gly

285

Ile

Ser

Leu

Val

Val

365

Lys

Tyr

Val

Val

Lys
445

110

Ala

Asn

Val

Asp

Asp

190

Tyr

Thr

Thr

Ser

Ala

270

Ile

Thr

Asp

Ala

Thr

350

Ala

Asn

Thr

Trp

Ala

430

Asp

Val

Gly

Leu

Leu

175

Pro

Thr

Gly

Ser

Leu

255

Val

Asp

Gln

Gly

Val

335

Leu

Gly

Leu

Lys

Pro

415

Asp

Ile

Thr

Leu

Val

160

Gly

Lys

Ile

Gly

Leu

240

Val

Ile

Asn

Pro

Gln

320

Thr

Val

Val

Val

Leu

400

Thr

Leu

Ile
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taatacgtga

gattggcatyg

gaaagtccceyg

atgtattget

gaaagaaggt

gtttgattgg

gtggaaagtc

gtcatgttet

cagagggaaa

tacacttagt

tccttagtea

gacatttgge

tttgcatttt

ggtttatgag

ggaggtcagc

ggatagggtc

ggccatttac

tggcagaggg

cagccagagg

actgggatag

cegggecatt

ttttggcaaa

gggtcactca

tttatgcaaa

tgcggtatce

cgtectetygyg

tggagagcac

tatataaggg

<210> SEQ ID NO 44
<211> LENGTH: 30

<212> TYPE

: DNA

catgttettt

agccagagtt

agtaaactga

tctatggaaa

tagctgtgte

ggtcagccag

tacagtaaac

gagcatctgg

gagttaagta

tcagccacaa

aattactgcc

aaagtccctyg

gececcactee

geteeggttt

ttggcaaagyg
aacagtgttce
tacggggaca
gtcectggac
ctttttggca
agttaacagt
tgatactggyg
aaagtccegyg
catcttteca
aggggatttt
aaattggcag
gaaaccgcete

accattggte

agaagccggyg

<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: primer HM101

<400> SEQUENCE: 44

ccggaattee gatgtttagt cacgatagac

<210> SEQ ID NO 45
<211> LENGTH: 35

<212> TYPE

: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer HM102

<400> SEQUENCE: 45

ataagagcgg ccgcagtgag atgatcttaa tgatg

<210> SEQ ID NO 46
<211> LENGTH: 38

<212> TYPE

: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: primer F-ATG

<400> SEQUENCE: 46

tatagcggece gcaagatggg ctccagatct tctaccag

<210> SEQ ID NO 47
<211> LENGTH: 34

<212> TYPE

: DNA

<213> ORGANISM: artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer F-STOP

<400> SEQUENCE: 47

cgaggceggece gctcatattt ttgtagtgge tcte

actacggtca

ttttggcaaa

aagcacagcc

gtgggacgtc

aagggatacg

gttettttyg

acaaagtaca

gcagcattat

gggccaatat

cceggtcaat

tacatactag

aagtactgta

cacgtaccct

caga

ttggacgttt

gggatacgtg

atatttagtc

tgattaatat

gttatgggac

caaaggaaac

cccatattta

agtcacttgyg

tccagtaaat

tatgactttt

gtgattcact

tcatggtgac

atgggggagt

120

180

240

300

360

420

480

540

600

660

720

780
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What we claim is:

1. A composition or vaccine comprising one recombinant
herpesvirus of turkeys (HVT) vector comprising at least one
or more heterologous polynucleotides coding for and
expressing at least one antigen of an avian pathogen, wherein
the polynucleotide encodes a Newcastle Disease Virus F
(NDV-F) polypeptide and is operably linked to an SV40 pro-
moter, and wherein the polynucleotide is codon-optimized.

2. The composition or vaccine of claim 1, wherein the
NDV-F polypeptide has at least 95% sequence identity to the
amino acid sequence as set forth in SEQIDNO:2, 4, 6, 33,35,
or 37.

3. The composition or vaccine of claim 1, wherein the
polynucleotide encoding the NDV-F polypeptide is operably
linked to an SV40 polyA signal.

4. The composition or vaccine of claim 3, wherein the
polynucleotide encoding the NDV-F polypeptide, the oper-
ably linked SV40 promoter, and the SV40 polyA signal are
inserted in the IG1 (intergenic region 1) locus of HVT
genome.

5. The composition or vaccine of claim 1, wherein the
composition or vaccine further comprises a second recombi-
nant HVT vector comprising a heterologous polynucleotide
coding for and expressing IBDV VP2 antigen.

6. The composition or vaccine of claim 5, wherein the
second recombinant HVT vector is the HV'T vector included
in VAXXITEK™ HVT+IBD.

7. The composition or vaccine of claim 1 or 5, wherein the
composition or vaccine is a multivalent composition further
comprising one or more recombinant SB1 vectors or the
parental SB1 strain.

8. The composition or vaccine of claim 7, wherein the
recombinant SB1 vector comprises one or more heterologous
polynucleotides coding for and expressing a Newcastle Dis-
ease Virus F (NDV-F) antigen.

9. The composition or vaccine of claim 8, wherein the SB1
vector is selected from the group consisting of an SB1 vector
comprising an SV40 promoter and a polynucleotide encoding
an NDV-F antigen inserted in the region coding for glycopro-
tein C (UL44) of the SB1 vector, an SB1 vector comprising a
guinea pig CMV promoter and a polynucleotide encoding an
NDV-F antigen inserted in the region between SORF4 and
US2 of the SB1 vector, an SB1 vector comprising an mCMV
IE promoter and a polynucleotide encoding an NDV-F anti-
gen inserted in the region US10 ofthe SB1 vector, and an SB1
vector comprising an SV40 promoter and a polynucleotide
encoding an NDV-F antigen inserted in the region between
ULS55 and LORFS of the SB1 vector.

10. The composition or vaccine of claim 1, wherein the
HVT vector comprises a first heterologous polynucleotide
coding for and expressing a Newcastle Disease Virus F (NDV-
F) antigen having at least 95% sequence identity to the amino
acid sequence as set forth in SEQ ID NO:2, 4, 6, 33, 35, or 37
and a second heterologous polynucleotide coding for and
expressing an Infectious Bursal Disease Virus (IBDV) VP2
antigen having at least 95% sequence identity to the amino
acid sequence as set forth in SEQ ID NO:8 or 42.

11. The composition or vaccine of claim 10, wherein the
polynucleotide encoding the IBDV VP2 antigen is operably
linked to a CMV promoter.
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12. The composition or vaccine of claim 11, wherein the
polynucleotide encoding the NDV-F antigen is operably
linked to an SV40 polyA signal and the polynucleotide
encoding the IBDV VP2 antigen is operably linked to an
SV40 polyA signal.

13. The composition or vaccine of claim 12, wherein the
polynucleotide encoding the NDV-F antigen, the operably
linked SV40 promoter, and the SV40 polyA signal are
inserted inthe IG1 locus of the HVT genome, and wherein the
polynucleotide encoding the IBDV VP2 antigen, the operably
linked CMV promoter, and the SV40 polyA signal are
inserted in the IG1 locus or the SORF3-US2 locus of the HVT
genome.

14. The composition or vaccine of claim 10, wherein the
composition or vaccine further comprises a second recombi-
nant HVT vector comprising a heterologous polynucleotide
coding for and expressing an IBDV VP2 antigen.

15. The composition or vaccine of claim 14, wherein the
recombinant HVT vector is the HVT vector included in
VAXXITEK™ HVT+IBD.

16. The composition or vaccine of claim 10, wherein the
composition or vaccine is a multivalent composition or vac-
cine further comprising one or more recombinant SB1 vec-
tors or the parental SB1 strain.

17. The composition or vaccine of claim 16, wherein the
recombinant SB1 vector comprises one or more heterologous
polynucleotides coding for and expressing a Newcastle Dis-
ease Virus F (NDV-F) antigen.

18. The composition or vaccine of claim 17, wherein the
SB1 vector is selected from the group consisting of an SB1
vector comprising an SV40 promoter and a polynucleotide
encoding an NDV-F antigen inserted in the region coding for
glycoprotein C (UL44) of the SB1 vector, an SB1 vector
comprising a guinea pig CMV promoter and a polynucleotide
encoding an NDV-F antigen inserted in the region between
SORF4 and US2 of the SB1 vector, an SB1 vector comprising
an mCMV IE promoter and a polynucleotide encoding an
NDV-F antigen inserted in the region US10 of the SB1 vector,
and an SB1 vector comprising an SV40 promoter and a poly-
nucleotide encoding an NDV-F antigen inserted in the region
between UL55 and LORFS of the SB1 vector.

19. A method of vaccinating an animal comprising at least
one administration of the composition or vaccine of claim 1,
wherein the animal is avian.

20. A method for inducing an immunogenic or protective
response in an animal against one or more avian pathogens
comprising at least one administration of the composition or
vaccine of claim 1, wherein the animal is avian.

21. The method of claim 20, wherein the avian pathogen is
selected from the group consisting of Newcastle Disease
Virus (NDV), Infectious Bursal Disease Virus (i.e., IBDV or
Gumboro Disease virus), Marek’s Disease Virus (MDV),
Infectious Laryngotracheitis Virus (ILTV), avian encephalo-
myelitis virus, avian reovirus, avian paramyxovirus, avian
metapneumovirus, avian influenza virus, avian adenovirus,
fowl pox virus, avian coronavirus, avian rotavirus, avian par-
vovirus, avian astrovirus and chick anemia virus coccidiosis
(Eimeria sp.), Campylobacter sp., Salmonella sp., Myco-
plasma gallisepticum, Mycoplasma synoviae, Pasteurella
sp., Avibacterium sp., E. coli and Clostridium sp.
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